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.working,

positive-working radiation-
and radiation-

Acid-cleavable compounds,
sensitive mixture containing these,
sensitive recording material produced with this mixture

The invention relates to novel acid-cleavable N,O-acetals
and to a radiation-sensitive mixture which is positive-
which becomes soluble as a result of
irradiation, and which contains these compounds. Gener-

i.e.
ally, the mixture contains

a binder which is insolﬁble in water and soluble or
at least éwellable in aqueous alkaline solutiomns,
a compound which generates a strong acid under the
- action of actinic radiation, and

a compound which has at least one acid-cleavable
C-0-C bond and is convertible by cleavage into
products having an enhanced solubility'in aqueous
alkaline solutions. -

(2)

(b)

(¢)

The invention also relates to a radiation-sensitive

recording material whigh has been produced with this
mixture and which is suitable for producing photoresists,
electronic components, -~-printing plates or for chemical
milling.

To produce microelectronic circuits, several lithographic
techniques are currently being used. Using g-line litho-
graphy (436 nm),.which is;usuélly_applied to conventional
diazonaphthoquinone/novolak formulations, resist images
with a resolﬁtion_ of down ‘to 0.8 um can be produced.
Images of even finer strucédfes (down to 0.5 pm) on a
resist layer can be obtained by means of i-line litho-
graphy (365 nm). More recent modifications of i-line
lithography, such as, for example, phase-shifting mask

T Ll OGD SHERTS $G N
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N, O acetal s and to-a radi L4on sens&Liyg,n1xture I"Ch”is positive-
wor ki ng, i.e. WhiggidyReo GHE e S EERE 388ed _arigg@di ation, and



products havi ng an enhanged 3plubility in aqueous al kal i'he sol uti ons.

The invention also relates to a radi ation-sensitive recordlng mat eri al’
< which has been produced with this nmixturg and which is suitable for

produci ng photoresists, electronic conponents, printing plates or for

chem cal m|l
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emit at 248 nm.

The continuing reduction in the size of the structures,
for example in chip manufacture down into the range of
less than 1 pum, requires modified lithographic tech-
nigques. To form images of such fine structures, radiation

~ . of a short wavelength is used, such as high-energy UV
light, electron beams and X-rays. The radiation-sensitive

15

20

25

30

35

mixture must be adapted to the short-wave radiation. A
compilation of the requirements to be met by the
radiation-sensitive mixture is given in the article by
C.G. Willson "Organic Resist Materials -~ Theory and
Chemistry” [Introduction to Microlithography, Theory,
Materials, and Processing, editors L.F. Thompson,
C.G. Willson, M.J. Bowden, ACS Symp. Ser., 219, 87
(1983), Bmerican Chemical Society, Washington]. There was
therefore an increased demand for radiation-sensitive
mixtures which can be used in the more recent tech-
nologies, such as mid-UV or deep~UV lithography
[exposure, for example, with excimer lasers at wave-
lengths of 305 nm (XeF), 248 nm (KxrF), 193 nm (ArF)]},
electron beam lithdgraphy or X-ray lithography, and
which, furthermore, are preferably sensitive in a wide
spectral range and correspondingly can also be used in
conventional UV lithography.

Positive-working radiation-sensitive mixtures for pro-
ducing radiation-sensitive recording materials are known.
Mixtures which contain o-quinone-diazide derivatives in
binders soluble in aqueous alkaline media, for example
novolaks or polyhydroxystyrenes, are commercially avail-
able. However, the sensitivity of these materials to
actinic radiation, and especially high-energy short-wave
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-2- technol ogy, allow afurther reduction in the sizg of .the structures, of
which images are to be formed, right down to about 0.35 [err] or less. ‘An
“seven higher resolution can be achieved-wath [err] photoresists. In this
case, two 5 i rradi ati on techni ques are used: UV2 w de band exposure
-(240 to 260 CradiakjpomyrsuchtasKlighkcirem 4 docF-sexdimdr chasenthaddithgom The

continuing r heg sS4 I ors | hi p
manuf act ur e %V\l{nglé‘f'.én?%h fe1 (rggn%%@o 1%{'%]_%#&%&"[ an §1, [esrer i re%t{}%a{r%eeg'
nodi fied |ithographic tech- niques. To forminmages of such fine structures,

radi ati on of a short wavel ength is used, such as high-energy UV light,
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known in which an acid is generated by the action of

5 actinic radiation on a photoinitiator contained in this
mixture and this acid then, in a subsequent reaction,
renders an acid-cleavable compound likewise contained in
the mixture soluble in the irradiated areas under the
action of an appropriate, preferably aqueous alkaline

10 developer. Such materials are in general distinguished by
.an enhanced sensitivity to actinic radiation.

Numerous mixtures of acid-cleavable, solubility-
inhibiting compounds are known, which always contain a
small quantity of a photol;}tic acid generator, whose
15 acidic photolysis product initiates the cleavage. These
mixtures, some of which have high sensitivities to
actinic radiation, are designated as chemically
amplified, photocatalytic 3-component systems since they
contain, as essential constituents, a polymeric b;nder

20 soluble in aqueous alkaline solutions, in most cases a
novolak resin, a photoactive compound and a solubility
inhibitor.

Amongst these mixtures, especially those have gained a
certain commercial importance which contain either
25 monomeric or oligomeric acetal units as the acid-
cleavable components. These mixtures have, however,
certain disadvantages since they possess only a limited
stability on the substrate materials to which they have
to be applied, and lead to unsatisfactory, not repro-
30 ducible images of the original, and this can be improved
only by introducing additional protective layers, for
example according to DE-A 3,621,376 (= US-A 4,840,867).
Furthermore, it can be observed generally that the
process window, i.e. the processing latitude, for the
35 exposure of these mixtures is very narrow and frequently
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15 conpilation of 1the requirenents to be met" by:the

radi ati on-sensitive mxture is given in the article by CG WIIson
¥Oganic Resist Materials - Theory and £hem stry” (Introduction to

M crolithography, Theory, Mterials, and Processing, editors L.F.
Thonpson, 20 not Gné@mbdulonsly naprod&nmhie Wwt-h SinpturSemanifesds 87
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spectral ranQEhendeeeﬁeeaemd_nnﬂhym_ageafsprbauutadnl ardOnot kaowne ﬁ.hi onal

WV T thography, t PR3 b hia¥ bodn " $Av3LE29a280° ' dnty ThA4LLEselRy. POor

principle, it must be assumed that diffusion processes

which cause this behavior are not easily controllable. In

10 addition, however, it may be presumed that, during drying

of the mixture on a substrate material, partial

vaporization of the photoinitiator or of the acid-

-unstable compound or segregation of the individual

mixture constituents takes place, which is observed with

15 particular frequency in the case of acid-unstable com-
pounds having-a low solubility in the usual coating
solvents.

The decisive disadvantage of the known compounds ‘contain-
ing acetal groups is, however, the fact that the
20 solubility differentiation, resulting from their
cleavage, between exposed and unexposed image areas is in
general inadequate. The cause of this probably is that
either the acetal derivative used as solution inhibitor
has an insufficient inhibiting propertjr and, in imagewise
25 differentiation r in addition to the exposed image areas
those areéas are also severely attacked and removed which
were not exposed, or that the exposed areas do not have
a solubility sufficient to permit an imagewise differen-
tiation during development. The problem can be summarized
30 by saying that it is not possible using the known com-
pounds to provide a material which causes a sufficiently
large solubility difference between exposed and unexposed
areas. Whereas this effect is in general still acceptable
in the case of the novolak resins used according to the
35 state of the art, it is observed, when other polymers are
used, that the known acetal derivatives virtually no
longer show any inhibiting action and thus no longer
permit an image differentiation as required in practice.
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‘duci ng radi ation-sensitiVg regording nmaterials are knpwn.. M xtures which
contai n o-dui none-di azi de derivatives in binders soluble in aqueous

cat kal i ne nmedi a, for exanple 35 novolalgs .or pol yhydr oxystyrenes, are
commercially avail- able. However, the sensitivity of these materials to

actini c radi atthere anks eyfherefidne hiaghdemandy fbortradiztien+sensitive
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248 nm or 'S I na POSTtive
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this mxture s acld a subse reaction
5 combination w:.th the most dJ.verse matrix polymers.

It was the object of the invention to propose novel acid-

cleavable compounds and a radiation-sensitive ' mixture,

which contains these compounds, of the generic type

described at the outset. The novel acid-cleavable com-

10 pounds c) should have a sufficient reactivity on the one

hand and a stability meeting the needs of practice on the

- other hand. Furthermore, they should form homogeneous

mixtures with the most diverse matrix polymers and, in

the unirradiated form, should act as an efficient solu-

15 tion inhibitor, while their cleavage products should

assist the developability of the exposed areas in aqueous

alkaline developers. The mixture containing the acid-

cleavable compounds should also be as stable as possible

both in solution and on the substrates used in practice,

20 and allow a differentiation between exposed and unexposed

areas, which permits the highest possible resolutions

with wvirtually perpendicular flanks. Furthermore, a

radiation-sensitive mixture was to be provided which,

especially, largely avoids segregation of the compound

25 (b) and of the solubility-differentiating compound (c)

and thus likewise allows an enhanced differentiation
between image areas and non-image areas.

According to the invention, acid-cleavable compounds of
the formula I

R3 R2
30 | ! (L)

[-CH-O-RY-X-N-],
Sheet Has Been Replaced
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R! is an alkylene, cycloalkylene, alkenylene,

are proposed, in which



renders an aci d-cl eavabl eyconpound |i kewi se cont ai néd‘,i n"the mxture

soluble in the irradi ated areas under the action of an appropriate,

" -¢preferably aqueous al kaline 10
di stingui shed by an enhanced sensitivity to actinic radiation.
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is an integer greater than 1.

Those compounds of the formula I are preferred in which

Rl

RZ

is an alkylene, alkenylene or alkynylene group

having 2 to 18 carbon atoms, in which 1 to 3 CH,
groups can have been replaced by oxygen or sulfur
atoms, a cycloalkylene group having 4 to 18 carbon
atoms, an aralkylene group having 7 to 18 carbon
atoms or an arylenebisalkyl group having 8 to 18
carbon atoms,

is an alkyl radical having 1 to 12 carbon atoms, an
alkenyl or alkynyl radical having 2 to 12 carbon
atoms, an alkoxyalkyl radical having 3 to 12 carbon
atoms, a cycloalkyl radical having 4 to 12 carbon
atoms, an aryl radical having 6 to 12 carbon atoms,
an aralkyl radical having 7 to 12 carbon atoms or an

and
is an integer greater than 3.

Those compounds of the formula I are particularly pre-
ferred in which '

30

35

Rl

is an unbranched or branched alkylene, cycloalky-
lene, cycloalkylenedz.alkyl, alkenylene or alkynylene
group having up to 8 carbon atoms ¢+ wherein a carbon
atom may have been replaced by an oxygen or sulfur
atom, or an aryleneda.alkyl group having 8 to 12
carbon atoms, :

is an alkyl, alkenyl, alkynyl, cycloalkyl or alkoxy-
alkyl radical having up to 6 carbon atoms or an

L OFEROLGHN A nd a solubility inhibitor.
m xt u.r es es‘g)te C'll_lifieII roulg)ss e_@dal e %J‘-(p e_d glr ~NH-CO~ and

aryloxyalkyl radical having 8 to 12 carbon atoms,

develogeL. Such materials are in general
Nuner ous

This Sheet Has Been Reilaced

A




‘certain commercial inporyancg which contain either 25 . nononeric or
oligoneric acetal wunits as the acid- cleavable conmponents. These -
- xtures have, however, certain ‘di sadvantzages since they possess only a
limted stability on the substrate naterials to which they have to be
applied, and | ead avylpsatytalkydror aoyloxpabkyBOradicdlcheiéngnigee of
the original, and |é fﬂ@nb 6ﬂgroved only by introducing additional
protective Iayers exanp actording to DE-A 3,621,376 (= US-A

4, 840, 867). Iiilrthekmé alkyéaﬁasécaaséavwggéﬂmlﬁ \Carlen AOPS ocaBs

wi ndow, i.e. the RERSEBSteutadi t Uge, Toaibsbtrdbed RERGAHEZeRE t hage
mxturgs is very narfow ad. Lreguant ety ResiabRos Y 59 a5%Hon
' atoms, and
n is an integer between 3 and 50.

Those compounds of the formula I are very particularly
preferred in which

10 R? is an unbranched or branched alkylene group having
: 2 to 4 carbon atoms,
R? is an alkyl, alkenyl, alkynyl or cycloalkyl radical
having up to 6 carbon atoms and
R? is an alkyl radical having 1 to 6 carbon atoms or an
15 - unsubstituted or substituted six-membered aryl
radical. '

In detail, amongst the particularly preferred compounds,
the radical R*® can, for example, have the following

meaningss

20 methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
n-hexyl, phenyl, 4-acetylaminophenyl, 4-acetoxyphenyl, 3-
and 4-benzyloxy-phenyl, 3-benzyloxy-4- and 4-benzyloxy-
3~-methoxyphenyl, biphenyl-4-yl, 3,5-bis-trifluoromethyl-
phenyl, 2-, 3- and 4-fluorophenyl, 2-, 3~ and 4-chloro-

25 phenyl, 2-, 3- and 4-bromophenyl, 4-iodophenyl, 2-, 3-
and 4-cyanophenyl, 2-~, 3- and 4-methyl-, -ethyl-,
-propyl-, -isopropyl-, -butyl-, -isobutyl-, -t-butyl-,
-pentyl-, -hexyl-, -cyclohexyl-, -nonyl- and -dodecyl-
phenyl, 2-, 3~ and 4-methoxy, -ethoxy-, -isopropoxy-,

30 -butoxy~-, -pentyloxy-, -octyloxy- and -decyloxyphenyl,
2,3~-, 2,4-, 2,6~, 3,4~ and 3,5-difluoro-, -dichloro- and

=~dibromophenyl, 3~(3,4~dichlorophenoxy)-phenyl,
3~(3,5-dichlorophenoxy)-phenyl, 3-bromo-4-fluorophenyl,
S5-bromo-~2,4~-dimethoxyphenyl, 2-chloro-6-~fluorophenyl,
35 2-chloro~5~-, 2-chloro-6-, 4-chloro-3- and 5-chloro-
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rot unanbi guously reproduciybl e,- which in turn nmanifests itself in :
unsati sfactory reproductions of originals. In particular, the quality of-
t-he. i mage reproduction greatly depends on ghe tinme difference between

exposure and 5 devel opnment, the so-called delay tinme. The reasons for

L he deteriorat iza(rjniiﬁafdpmqal,epr 09}4@ui-anlatepnahlokmw@hbnycleg ai 13 ,ot-mgaﬁeh:
een investigated o | nadeguately. .In prignciple, i st ssune at
di ffusion procm%ﬁ}’%@ﬂt'e t hi 335éhavi%f4'éfe né’gétgfsi I ygégﬁt rolﬁrhcijl e.
In 10 addi t3,@+dimetchaxy-; t ~-dbgthexpr psuditbutbay- émd ngliheznylpxf- t he
m xt ure onaswﬁé e mat grijalys DAl A, ya "lﬁﬁ“ t he ghatainigiator
or of the acid-f unrgfiébl e cgﬁ%oﬁiﬁ' orﬁés’%régggﬁ:o %f%ifndi v?d%tzg' o%yiture
constitubnts t&@metlicryphenyln | S-witlona-d-matthykphenyhartiZefar and
frequency in the 8a58@iYe*UF1PRLAPYA OM PGS KW RS 2y b@h gl phi ity
i n the usual c%atl ng sol vents. .
-{2-ethoxyethyl)~ and 2-(2~butoxyethyl)-phenyl,
3-(2-methoxyethyl)~-, 3-(2~ethoxyethyl)~ and 3-(2-butoxy-
ethyl)-phenyl, 4-(2-methoxyethyl)-, 4-(2-ethoxyethyl)-
10 and 4-{2-butoxyethyl)-phenyl, 2,6-dinitrophenyl, 2,4,6~-
trimethylphenyl, 3,4,5-trimethoxy- and -triethoxy-phenyl,
2,3- and 3,4-methylenedioxyphenyl, 2~ and 3-thienyl,
- 2=fluorenyl, 9-anthryl, S~bromo-2-thienyl, 3-methyl-
2~thienyl, 5-methyl-2-thienyl, 5-nitrofuryl, 10-chloro-~
15 9-anthryl and ferrocenyl.

These radicals are.preferred particularly for the reason
that the starting compounds on which they are based are
commercially available. They can also be selected under
aspects other than optical, i.e. care should be taken

20 that the absorption of the prepared N,O-acetal according
to the invention in the wavelength range of the radiation
used is kept as low as possible. Further starting com-
pounds are accessible in‘a simple manner.

The preparation of the compounds according to the inven-

25 tion of th_ehf-ermula..I .can be carried out by methods known
‘' per se via ‘a multi-stage synthesis. This requires the
provision of suitable alcohols which contain anide,
urethane or urea groups and whose preparation is -
described below. These are reacted in a subsequent step

30 with suitable monomeric acetals or acetal precursors, for
example according to EP-A 0,312,751. The synthesis is
illustrated below by reference to some examples according
to the invention. P.b.w. means parts by weight.

Preparation Example 1
35 lst stage: 59.1 p.b.w. of n-propylamine were added to

88.1 p.b.w. of ethylene carbonate. The mixture warming up
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"The deci sive di sadvant ageyof "the known conmpounds contain-: i ng acetal

i's, however,
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The probl em can be summari zed 30 by saying that it is not

t he novol ak nestens hesatedccondéng reflue with 29.4 p.b.w. of the
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20

urethane-alcohol described in 200 p.b.w. of toluene in
the presence of 0.2 p.b.w. of p-toluenesulfonic acid.
From time to time, the toluene/methanol mixture formed
was distilled off until, after about 6 hours, the top
temperature remained constant at 110°C for a prolonged

‘period. The mixture was cooled down and washed with

dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled
off in a rotary evaporator and the remaining residue was
condensed in a high vacuum (0.01 mm Hg) at 200°C. This
gave an oligomeric compound of the formula I in which R,
is an ethylene group, X is the group -0-CO-, R, is an n-
propyl group and R; is a phenyl group (Compound 1).

Preparation Example 2

. Compound 1 was also obtained by the following route:

25

30

35

15.2 p.b.w. of benzaldehyde dimethylacetal were mixed
with 14.7 p.b.w. of the urethane-alcohol described above
and,'after addition of 0.2 p.b.w. of p~-toluenesulfonic
acid, leﬁl} heated to 160°C. The methanol formed was
distilled off. After about 2 hours, a vacuum (0.01 mm Hg)
was applied, and the mixture was heated to 200°C. The
mixture was exposed for a further 2 hours to these
conditions. A highly viscous o0il remained whose pro-
perties were virtually identical to those of Compound 1.

Preparation Example 3
Compound 1 was also obtainable by the following route:

15.2 p.b.w. of benzaldehyde dimethylacetal, prepared by
acetalization of benzaldehyde with methanol, were heated

under reflux with 29.4 p.b.w. of the urethane-alcohol
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~ 35 state of the art,")it iy observed, when other polyners are used, that

the known acetal derivatives virtually no |l onger show any inhibiting action

< and thus no longer permt an inmage diffengitiation as required in practice.
[err] -5- There is therefore a denmand for radiation-sensitive m xtures
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conpounds, e generic
5 perature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After concentrating the solvent, an oily
residue remained which was reprecipitated from hot
10 diisopropyl ether. On cooling, white crystals having a
melting point of 54.5°C crystallized out of the solution.
With stirring, 19.1 p.b.w. of these crystals were slowly
heated to 160°C with 7.6 p.b.w. of benzaldehyde dimethyl-
acetal and 0.2 p.b.w. of p-toluenesulfonic acid. The -
15 methanol formed was distilled off. After about 2 hours,

. a vacuum (0.01 mm Hg) was applied, and the mixture was
heated to 200°C. The mixture was exposed to these con-
ditions for a further 2 hours. A highly viscous oil
remained whose properties were virtually identical to

20 those of Compound 1.

Preparation Example 4
1st stage: 101.2 p.b.w. of n-hexylamine were added to

88.1 p.b.w. of ethylene carbonate. The mixture warming up

was stirred for 5 hours at 70°C and distilled in vacuo. ~
25 Colorless oil which d:n.sf::.l.ls over at 117 to

119°¢/0.05 mm Hg (2-hydroxyethyl N-hexyl-carbamate).

2nd stage: 19.6 p.b.w. of piperonal dimethylacetal were
heated under reflux with 38.0 p.b.w; of the urethane-
alcohol described above in 200 p.b.w. of toluene in the
30 presence of 0.2 p.b.w. of p-toluenesulfonic acid. From
time to time, the toluene/methanol mixture formed was
distilled off until, after about 6 hours, the top tem-
perature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
35 dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled
off in a rotary evaporator and the remaining residue was
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‘descri bed at the outset. yThe novel acid-cleavable com 10 pounds c)
shoul d have a sufficient reactivity on the one hand and a stability neetirg
t"he needs of practice on the other hand.,kFurthernore, they should form
honbgeneous m xtures with the nost diverSé matrix polyners and, in the

uni rradi at ed %&ﬁ&&n§@&“'iﬁ facthfgﬁq a@a@&&ﬁcgsnmsahunqlﬁ at 26090, ®RiRi tor,
c oul d assi

while their eavage products s I St the devél gpahility aof .the
exposed ar eas93Ye aﬁﬁe@&égaﬂﬁﬁﬁfznE°§E’9BPGp€PSSFh‘th° &r & dohRiGh &t he
acid- cleavabie &f e Gitch) SO hS @heSigiithep a04rEs) bRe bot Bhen

sol ution and o:}lthe substrates _used in pgactige 28 ._and allow a

di fferenti at i GHEY heeFRYRD s e 88nd %hex'b%secf'c}é% ead PHRCHY et ni ¥ECFRe
hi ghest5 possi (CempasnduR)ons with virtual |l y perpendicul ar flanks.
Furthernore, a radiation-sensitive mxture was to be provided which,
especially, largely avoids segregation of the conpound 25 (b) and of
the solubility-differentiating conmpound (c) '

Preparation Example 5
1st stage: 73.1 p.b.w. of i-butylamine were added to

88.06 p.b.w. of ethylene carbonate. The mixture warming

up was stirred for 5 hours at 70°C and distilled in

10 vacuo. Colorless oil which distils over at 101 to
~ © 104°C/0.06 mm Hg (2-hydroxyethyl N-isobutyl-carbamate).

2nd stage: 18.6 p.b.w. of 4-chlorobenzaldehyde dimethyl-
acetal were heated under reflux with 32.2 p.b.w. of the
urethane-alcohol described above in 200 p.b.w. of toluene

15 in the presence of 0.2 p.b.w. of p-toluenesulfonic acid.
The toluene/methanol mixture formed was distilled off at
intervals until, after about 6 hours, the top temperature
remained constant at 110°C over a prolonged period. The
mixture was cooled down and washed with dilute sodium

20 hydroxide solution and then with water until neutral.
After drying, the toluene was evaporated off and the
remaining residue was condensed in a high wvacuum
(0.01 mm Hg) at 200°C. This gave an oligomeric compound
of the formula -I in ,whic};. R, is an ethylene group, X is

25 the Qroup -0-CO-, R, an i-butyl group and R, is a 4~chlor-
ophenyl group (Compound 3).

Preparation Example 6
1st stage: 21.3 p.b.w. of propyl isocyanate and 25 p.b.w.

of diethyl ether were added dropwise at room temperature

30 to 20.6 p.b.w. of aminopropanol in 250 p.b.w. of diethyl
ether and 25 p.b.w. of isopropanol. The product which had
precipitated was filtered off with suction. (N-(3-Hy-
droxypropyl)-N'-propyl—urea, white powder, melting point
76°C).
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and thus |ikewi se allows an enhanced differentiation between i mage areas
and non-i mage areas. According to the invention, acid-cleavabl e conpounds
of the formula | [err] - 12 - Thi s Sheet Has Been

Repl aced are proposed, in which R3 S an al kyl ene, cycl oal kyl ene,
al kenyl ene,  2md- sahgéayllemez Op.BLwl erwplsahkahdahyué, QRS EhY1 &FSLLT NOr e

al i phatic CH2 rou T‘?‘gn’;’flgggl E'%%g &}%ﬁbcai?iz? oxyﬂg{.}xsr f&sst{:heururaég_r_rs

[err] S an
al kyl, aryl, aﬂaidhdl cﬂesaa:yiha@aélkq&erhﬂl 240, pl.br.w. ofi *adeari&kyin cthar yl

radical, presence of 0.2 p.b.w. of p-toluenesulfonic acid. From
5 time to time, the toluene/methanol mixture formed was
distilled off until, after about 6 hours, the top
temperature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and with water until
10 neutral. After drying, the toluene was evaporated off and
the remaining residue was condensed in a high vacuum
(0.01 mm Hg) at 220°C. This gave an oligomeric compound
0of the formula I in which R, is a propylene group, X is
the group -NH-CO-, R, is an n-propyl group and R; is a

15 phenyl group (Compound 4).

Pi'eparation Example 7
1st stage: 139.1 p.b.w. of butyl isocyanate were added

dropwise to a mixture of 200 p.b.w. of ethylene glycol

and 0.5 p.b.w. of diazabicyclo[2,2,2]octane in 200 p.b.w.

20 of tetrahydrofuran. The mixture warming up was stirred

for 5 hours at 70°C and distilled in vacuo. Colorless oil

- which distils over at 110 to 112°C/0.03 mm Hg (2-hy-
droxyethyl N-butyl-carbamate). '

2nd stage: 19. 6 p.b.w. of.piperonal dimethylacetal were
25 heated undér reflux with 32.2 p.b.w. of the urethane-
alcohol described above in 200 p.b.w. of toluene in the
presence of 0.2 p.b.w. of p-toluenesulfonic acid. At
intervals, the toluene/methanol mixture formed was
distilled off until, after about 6 hours, the top tem-
30 perature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled
off and the remaining residue was condensed in a high
35 vacuum (0.01 mm Hg) at 200°C. This gave an oligomeric
compound of the formula I in which R; is an ethylene
group, X is a group -0-CO-, R; is an n-butyl group and R,
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"~ X is one of the groupy -CO-, -0-CO or -NHCO and n~. is an integer
greater than 1. Those conpounds of the fornula | are preferred in which 10
.[err] is an alkylene, alkenylene or alkygylLene group having 2 to 18 carbon
atons, in which 1 to 3 CH2 groups can have been repl aced by oxygen or

sul fur atons,ig &YEL93hkehabaiBxeuR 5Ly gﬁoﬁpt ecofipeandos)at ons, an
aral kyl ene group having 7 to 18 carbon 1 atons or an

aryl enebi sal kyl group having 8 to 18 carbon atons, [err] is an al kyl
radi cal havi rercédpéapatPonaERampdeoBs, an al kenyl or aIkynyI radi cal having 2

to 12 carbon al kox kyl _ra arho

atons, a cycl:géa?kyl %rédl c'}; % b b w£1 S#:%{Zs car%mg:f (é y]adr?aiél cal
having 6 to 188 c@f bprbawenof &Fhyr nwlcarmnwe-hdﬂhmgnmtquzwemm at oms
or an &yl oxughkylas' agt £Alelaidyd § Houks CAEPYD Y O48d distilled in

vacuum. Colorless oil which distils over at 101 to
104°Cc/0.06 mm Hg.

-2nd stage: 25.8 p.b.w. of 4-benzyloxy-benzaldehyde
dimethylacetal were heated under reflux with 32.2 p.b.w.
10 of the urethane-alcohol described above in 200 p.b.w. of
- toluene in the presence of 0.2 p.b.w. of p-toluene-
sulfonic acid. At intervals, the toluene/methanol mixture
formed was distilled off until, after about 6 hours, the
top temperature remained constant at 110°C for a pro-
15 longed period. The mixture was cooled down and washed
with dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was evaporated
off and the remaining residue was condensed in a high
vacuum (0.01 mm Hg) at 200°C. This gave an oligomeric
20 compound of the formula I in which R; is an ethylene
group, X is the group -0-CO-, R, is a butyl group and R,

is a 4-benzyloxyphenyl group (Compound 6).

Further compounds were preparéd in a correspbnding manner

by known methods; a listing of particularly preferred
25 compounds for the preparation of radiation-sensitive

nixtures is given in the attached formula drawings.

Compound No. 1:

N ,/2

| .
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"and 25 n is an integer igreater than 3. Those conpounds of the

formula | are particularly pre- ferred in which [err] is an unbranched or
bFanched al kyl ene, cycl oal ky- |ene, cyct adl kyl enedi al kyl, al kenyl ene or

al kynyl ene 30 group having up to 8 carbon atons, wherein a carbon

at om may have CompourgbINeed by an oxygen or sul fur atom or an

aryl enedi al kyl group having 8 to 12 carbon atons, [err] is an al kyl,

al kenyl, al kynyl, cycloal kyl or al koxy- 35 o al kyl radi cal having up
to 6 carbon atons or an [err] -7- 0 /,425H13

. {40 ~-C~N
s£;~ _~0C2H4

..[-cx-l
N

o/

Compound No; 3:

-
w _~CHpCHICH3),

ﬁj}\ /,oczﬂ4o-c-n\fr\
CH

o

Compound No. 4:

o
i C3Hy

_~OC3 HgNH = C =N
~ CH
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aryl, arylalkyl or arylpxyahkyl radical having 7 to 12 carbon atoms, [err]
is an al kyl radical having 1 to 6 carbon atons, an unsubstituted or-

“*substituted nononucl ear or 5 - 15 Qolynuclear ‘aryl radical having 6
to 12 carbon atons, and n is an integer between 3 and 50. Those
compounds Géogh %@uﬁgrﬁglasL are very particularly preferred in which 10
[err] is an branched or branched al kyl ene group having 2 to 4 carbon
atons, [err] is an al kyl, al kenyl, al kynyl or cycloal kyl radical having
up to 6 carbon atons and [err] is an alkyl ra'c*ﬂ;&aving 1 to 6 carbon

radical. In detail, t cuIarIy mﬁ#rured conpounds,
c

1
-

atonms or an 15 nsubstb&u“g o0 Qe S tqtuted si x- menber ed aryI
i i anﬁhFSL Lo Pt B

o]

o/

Compound No. 63

o)

oc O0-C—N
~[_ _oczHgo-c-N{Q
{ CH {

- J

QO — CHy — Cg Hg

3 Compound No. 7:

o
- I _~CHg

i 0-C~Nw_]
ET\\cﬁ/OCZH4 \‘T\

CH 3 : This Sheet Has Been Reilac




“the radical

[err] can, foy exanple, have the follow ng meanings: 20

met hyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-hexyl, phenyl,;
_4-acetyl am nophenyl, 4-acetoxyphenyl, 3- J#hd 4-benzyl oxy-phenyl,

3- benzyl oxy-4- and 4-benzyl oxy- 3-nethoxyphenyl, biphenyl-4-yl,

3, 5-bi s-trifl Qonpoadnd/INo ptenyl , 2-, 3- and 4-fluorophenyl, 2-, 3- and
4-chl oro- 25 phenyl, 2-, 3- and 4- bronDphenyI 4- |odophenyl 2-, 3- and
4- cyanophenyl, 2-, 3- and 4-nethyl- -e hyI p%% -|sopropyl-
-butyl-, -isobutyl-, -t-butyl- -pentyl - héxyl - yg exyl -, -nonyl -
and -dodecyl - phenyl, 2-~3- and Gﬁﬁ%q%&"cbrhﬂ -|sopropoxy- 30

- but oxy-, -pentyloxy-, -octy and decyloxyphenyw 2,3-, 2,4-, 2,6-,
3,4- and 3,5-difluoro-, -dﬁchl ro- and -di bronophenyli,

3-(3, 4-di chl or ophenoxy) - phenyl |
3- br ono- 4-f | uor ophenyl, 5-br
2-chl or o- 6-fl uor ophenyl

3-(3, 5- dlchlorOphenoxy) phenyl ,
4- di met hoxyphenyl ,

OCH,4

Compound No. 9:

#

~
CH

Compound No. 10:

T

CH

o

. CHy, — CH = CHy

OCZH4Q"‘C“NT—\

ci

0
1 CHz - C

CH
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" 35 2-chloro-5-, 2-¢hlorp-6-, 4-chloro-3- and . 5-chloro- This Sheet

Has Been Replaced [err] -8- 2-nitrophenyl, 3- ( 4-chl orophenoxy) -
_“phenyl , 3, 4-bi s- benzyl oxyphenyl, -« 273-, 2, 4-, 2,5-, 3, 4- and

3, 5-dinmethoxy-, -diethoxy-, -dibutoxy- and -dihexyl oxy- phenyl, 2,

4- di met hoxy-Conydinyd pidenyl] : 2- et hoxy- 5 5- met hoxyphenyl ,

3-chl or o- 4- net hyl phenyl, 2,4- and 2,5-dinethy|pheny|

2- (2-net hoxyet hyl)-, 2- (2 -ethoxyethyl® - and (.. 2- but oxyet hyl)

-phenyl , 3- (2 met hoxyet hyl )-, 3-(2-ethotyet hwcmﬁa% e put oxy- et hyl)

- phenyl , 4- 2- et et OC2Hy4q 2Cethd el hyl) - 10 and 4-
(2- butoxyethyl) ph2ﬁ§¥“ ’/% di ni trophenyl , Xx‘?rﬁ-
Jd

Br

Compound No. 12:

o
n_~C12Hzs

( OC2H40 - C =N
l.\CH/ \!

o -

X
Z 0,
R Compound No. 13:
. o)
~ i
/,OC3H50-C N
CH _
Cl
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‘trinethyl phenyl, 3, 4, 5-tyimethoxy- and -triethoxy-phenyl, 2,3- and

3, 4- met hyl enedi oxyphenyl, 2- and 3-thienyl, 2-fluorenyl, 9-anthryl,
S¥brono-2-thienyl, 3-nethyl- 2-thienyl, 5;gethyl-2-thienyl, 5-nitrofuryl,
10-chl oro- 15 9-ant hryl and ferroce'nyjr. These radicals are preferred

particularly f onshhat the starting conpounds on which they are
based are comggé%é(g'&é/elgééi %bl e. They can al so be sel ected under aspects

ot her than optical, i.e. care should be tgken 20 t hat /~A&\absorpti on of
the prepared N, O acetal according to the ijhventi orcHE he/ wavellengt h range
of the radiation used ifs kept aécl O'\ﬁ, 66 Ppassi Bllr«e./-:Fu t her starging com
pounds are accessi bl eﬁ';e\si fandeY . =} Ep{?ti on of Me conpounds
according to the inveny 25€CH tion of the fornmuld T can be carried out by

met hods known per se vica aJnulti-stage synthesis. JThis requires the
provi sion of suitable al cofgls which contain am de,

| Compound No. 15:

&)
fl

0C2H40~C -NT ]

/ 4

cH T~
J

Q02H4002H5

3 Compound No. 16:

o
w _~-CaHa “0—.'©
\{\ /oczmo-—c—u\}\
cH
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"uret hane or urea groups‘and.whose preparation is described bel ow. These are
reacted in a subsequent step 30 with suitable nononeric acetals or =~
.dcetal precursors, for exanple according {¢ FEP-A 0,312, 751. The synt hesi s
is illustrated bel ow by reference to sonme ‘exanpl es according to the

i nvention. P. cﬂﬁ?{n art-s, by wei ght. Preparation Exanple 1 35 1st
stage: 59.1 p.EE.m\ﬁ. 0 E!cffroip@] am ne were added to 88.1 p.b.w. of ethylene
carbonate. The mi xture warm ng up This Sheet Has Been Repkaeaed -9- was
stirred for 5 hours at [err] and'distilbedinvcu}g. 3 oil which
distils over at 102 to 105C/ 0,08 mm B t2-T¢

Ar oxy

N- pr opyl - car bamat e) . /002H40—C—N
CH -
-F
F

Compound No. 18:

' /cﬂs,
. [
]

ocC O0~-C~—
CH i

co

l""""'/—\

3 Compound No. 19:
Cci

0
it

OC2H4NH - C ~ 7
_~0C2H4 C~N
CH
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* 2nd stage: 15.2 p.b.w ‘af benzal dehyde di net hyl acetal, 5 prepared by
acetalization of benzal dehyde and net hanol, were heated under reflux with
:+29.4 p.b.w. of the urethane-al cohol desggibed in 200 p.b.w. of toluene in
the presence of 0.2 p.b.w. of p-toluenesulfonic acid. Fromtinme to tine,
the tol uene/ganipened Noxtzoe forned 10 was distilled off until, after
about 6 hours, the top tenperature renmai ned constant at 110C for.

prol onged period. The m xture was cool ed down and washed NC dllute sodi um
hydr oxi de solution and then with water until new éT\.#f?er rying, the

tol uene was distilled 15 off inar ary evaoratur and the remaining

resi due was condensed in a high vacuum (,0. 01 my gzl 200C. This gave an
ol i goneri c conpound the fq ~ is an ethyl ene group,
X is the group -0:- . éﬁu ﬁ"'p? yef/mgo d R3 is a phenyl group

(Compound 1). 20 Prepamatlon Exanpl e 2

Compound No. 21:

N
0 .
_ I SN
[ _0C2H40-C-NTJ Br
C4H9
Compound No. 22:
0
n_~CaHy
0C3H60 —C"Nﬂ\
s
\ﬁcn
d
[
z
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" Conpound 1 was al so obtaiyned™py the followi ng route: ;,15.2 p.b.w. of

benzal dehyde di net hyl acetal were mxed with 14.7 p.b.w of the

- Urethane-al cohol described above and, afper-addition of 0.2 p.b.w. of

p-t ol uenesul foni c 25 acid, slowy heated to [err]. The nethanol forned
was di stil | edCampbundf Ner. &3cut 2 hours, a vacuum (0.01 nm Hg) was appli ed,
and the m xture was heated to [err]. The m xture was exposed for a further
2 hours to these conditions. A highly viscouw oil remai ned whose pro- 30

perties were virtually identical to those ofy Conpgy '”'2ﬂ5Preparati on
Exanpl e 3 Conmpound 1 was SO obtLa@®a goby ¢heNfQlTowi ng route: 15.2
p. b.w. of benzal dehyde di freet al, prepared bﬁtﬂ alization of
benzal dehyde wi th nethanolj, e heated 35 undef reflux with 29.4
p. b.w. of the urethane-al cohol ___ This Sheet Has Been Repl aced [err]

Compound No. 24:

6]
i}

OCHa—~CH=CH ~C Q~C~N
\{\GH/ : B \}\

Br

Compound No. 25:

. 0
i _~Cs3Hy

_OC4Hg0 = C~N
.C,:H -

s7 \

q——
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10 - described in Exanpje 1yin 200 p.b.w. of toluene ih the presence of
0.2 p.b.w. of p-tol uenesul foni ¢ acid. Fromtime to time, the

tol uene/ net hanol m xture forned was di stid32 ed of f until, after about 6
hours, the top tem 5 perature renmai ned constant at 110 Cfor a

pr ol onged per Comiponing N+t B&: was cool ed down and washed with dilute sodi um
hydr oxi de solution and then with water until neutral. After concentrating
the solvent, an oily residue renmi ned which was epreC| pitated fromhot 10

dii sopropyl ether. On cooling, white crystals h ing a t4 ng point of
[err] crystallized out t he ugu-npscwmgost-ucw 19.1 p. b.w. of these
crystals were slowy hea et~4ig 160C wth 7.6 p.b.w of zal dehyde

di et hyl -

" Compound No. 273

®
Z
Compound No. 28:
0
i1 _~CaHy
/OCZH4OCZH4O - C~—N
CH

OCCHg4

Sheet Has Been R laced
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acetal and 0.2 p.b.w of)p-tpluenesul fonic acid. The: 15: nethanol forned
was distilled off. After about 2 hours, a vacuum (0.01 mm Hg) was applied,

and the nmixture was heated to 200C. The281 xture was exposed to these con-

ditions for a further 2 hours. A highly viscous oil remined whose

properties weompoundudlo.y 29entical to 20 t hose of Conpound 1.

Preparation Exanple 4-1st stage: 101.2 p.b.w qof n hexyl am ne were added to

88.1 p.b.w. of ethylene carbonate. The m'xture ?, g stirred for 5
0|I WhICh distils

stage: 19.6 p.b.w. pi@Aronal di met hyl acetal were healed under refl ux
with 38.0 p.b.w of {the prethane- al cohol described aboye in 200 p.b.w of
toluene in the 30 prgsence of 0.2 p.b.w. of p-toluenesul fonic acid.
From

hours at 70C and distilled i
over at 117 ?@r r Qdigyé)fé% nyet hyI N- -carbamate). 2nd

OCH, — Cg Hg

Compound No. 30:

O
# i _~Csty
0Co Hgq CCo H4NH- C—N

heet Has Been Re laced
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" time to time, the toluenefinethanol mxture forned was.distilled off until,

after about 6 hours, the top tem perature remained constant at [err] for a

. prolonged period. The m xture was cool ed 2gown and washed with 35 dilute
sodi um hydr oxi de solution and then with water until neutral. After drying,

t he tol uene wEardhsr |dompairids rof the afgreudpolatvhiclndhaves sionilanly

residue was T%%ﬁgﬂs%g{e Eg&g@%@fﬂ;he%e%lxaec%aﬁﬂzed ﬁ%n&aegﬁfgeg?igﬁg hi gh

vacuum (0. 01 . I'S gave an ol 1 goneric conpoun

formula | in which [err] is an ethylene group, X is the group -0-CO, [err]
I s t he n-hexyf—gropp—amd—Rp—ts—tihe—4=—phperonyt—qgroup
No. X R? R? R3
31 | 0-co C,H, C,H, C,H;
5 32 | co C,H, C,H, C.H,

33 | 0-CO C,.H, C,H, C.Hy
34 | 0-CO C.H; C,H, " C.Hg
35 | NH-CO C,Hy C.H, C.H,
36 | NH-CO CH(CH;)CH, C.H, C.H,

10 37 | 0-CO .| CgH, C,HCLl | C.H,
38 ‘| NH-CO C,H; C:H, 4-Bromophenyl
39 0-CO C.H, .CaH, 4-Methoxyphenyl
40 | co C,H; C,H, 4-Tolyl
41 0-CO CHg C.H, 2-Naphthyl

15 42 | NH-CO C;H, C.H, 4-Nitrophenyl

43 NH-CO C,H, C,H, 3-Methoxyphenyl
44 0-CO C,Hg C;H, 3,4-Dichlorophenyl
45 0-COo C.H, _ C,H, 2,6-Dichlorophenyl
46 | 0-CO CH(CH;)CH, C;H, .| 2,4-Difluorophenyl

20 47 0-CO C:Hg " C;H, 2,3,5-Trichlorophenyl
48 0-CO C.H, C,H, Ferrocenyl

Atcording to the invention, a radiation-sensitive mixture
is also proposed which contains, as essential

constituents,

25 (a) a binder which is insoluble in water and soluble or
at least swellable in aqueous alkaline solutions,
(b) a compound which generates a strong acid under the
action of actinic radiation, and
(c) a compound which has at least one acid-cleavable
30 C-0-C bond and whose acid cleavage products are more
readily soluble in aqueous alkaline solutions than
the compound itself.
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5 (Conmpound 2). Preparatiion Exanple 5 1st stage:, 73.,1 p.b.w of

i -butyl am ne were added to 88.06 p.b.w. of ethylene carbonate.

The m xture

. Wwarmng up was stirred for 5 hours at j ]l_and distilled in 10 vacuo.
|I which distils over at to [err] mm Hg (2-hydroxyet hyl

Col or| ess o
N-i sobut yl -

di nmet hyl - ac
ur et hane- al c6leRv@RI& P@E@%&/dc)nlfoénpo Lgpmgric

presence of @ozmla ¥ ddsdribsddiedimsed foni c acid. The tol uene/ net hanol

baﬂﬁée)mlh:?ﬂﬁ'ét 39@or&§n§ Red- theOfirfraitl ippetnal dadndle

etal wer e heat ed under

th 32 2 f.th
&?{}gr%vc@gal 01@,1}{1% he

m xture forned was distilled off at intervals until, after about 6 hours,

the top tenperature remai ned constant at 110C over a prolon
m xture was Thel ahdimticomesensikived nhxtreat sceonding2¢o theninvsa-de

sol ut|§
evapor

10

15

20

25

30

n and

ted o

ed period. The

F;L%?‘g dxvat L&y@iﬁ&ui@ﬁé& BFUL" Rk gnAEbRG 18Ik ovRs lPlwiene Was

spectral range. It shows a high thermal stability and
makes it possible accurately to reproduce even superfine
structures of an original. This is due to the property of
the mixture containing the compounds according to the
invention of allowing an unusually high differentiation
of the solubility between image areas and non-image areas

-to be .achieved.

35

The content of acid-cleavable material (c¢) in the
radiation-sensitive mixture ,according to the invention
should be 1 to 60% by weight, preferably 5 to 50% by
weight, each relative to the total weight of the mixture.

Photolytic acid donors b) are added to the acid-cleavable
compounds ¢) contained in the radiation-sensitive mixture
according to the invention, for which purpose onium
salts, such as diazonium, phosphonium, sulfonium and
iodonium salts of non-nucleophilic acids, for example of
HSbFs, HASF; or HPF, [J.V. Crivello, Polym. Eng. Sci., 23,
953 (1983)], halogen compounds (EP-a 0,232,972,
DE-A 1,572,089, DE-A 1,817,540, DE-A 1,949,010,
Us-A 3,912,606 and DE-A 2,317,846), éspecially trichloro-
methyltriazine derivatives (us-Aa 3,515,552,
Us-A 3,536,489, Us-a 3,779,778, DE-A 2,718,259,
DE-A 3,337,024, DE-A 3,333,450, DE-A 2,306,248,
DE-A 2,243,621 and DE~-A 1,298,414) or trichloromethyloxa~
diazole derivatives (DE-A 3,021,590, DE-A 3,021,599,
DE-A 2,851,472, DE-A 2,949,396, DE-A 3,333,450 and
EP-A 0,135,348), o-quinonediazidesulfochlorides or
organometal/organohalogen combinations are suitable.
Although very good results are obtainable with such
compounds, these are altogether not preferred since acids
having a highly corrosive action are generated in such
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“remai ni ng resi due was condensed in a high vacuum (0.01 mm Hg) at [err].
This gave an oligoneric conpound of the fornula | in which [err] is an

.ethyl ene grou
is a 4-chlor-
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dr oxypropyl ) -
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p, Xis 25 the group -D-2g+ [err] an i-butyl group and R3
ophenyl group (Conpound 3). Preparation Exanple 6 1st stage:
21. 3 p. b. w. ofradigbion-ssemsitaive amdx28rpsh. Ratden) ethpkeetplootakyeiadded
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¢,e-bis~-sulfonyldiazomethanes described in DE-A 3,930,087
and 3,930,086, nitrobenzyl sulfonates (F.M. Houlihan et
al., J. Photopolym. Sci. Techn., 3, 259, 19390; T. Yamaoka
et al., J. Photopolym. Sci. Techn., 3, 275, 1990),
pyrogallol sulfonates |[T. Ueno et al., Chemical
Amplification Positive Resist Systems Using Novel Sulfon-
ates as Acid Generators, in "Polyners for
Microelectronics - Science and Technology", edited by

. Y. Tabata et al., Xodansha-Weinheim-New York, 1989,

15

20

25

pages 66-67] or iminosulfonates (M Shirai et al., J.
Photopolym. Sci. Techn., 3, 301, 1990). The a-pyridones
containing N-sulfonyloxy groups mentioned in the appli-
cations P 41 12 967.9, P 41112 966.0 and P 41 12 965.2
filed concomitantly are particularly preferred.

In general, 0.2 to 25% by weight of the photolytic acid
donors are added to the mixture. Proportions of 0.5 to
15% by weight are preferred, and 1 to 10% by weight is
particularly preferred. These quantities can be fixed
precisely only in a concrete formulation and differ from
type to type. The photolytic acid donors have absorption
maxima ‘- in the region between 200 and 500 nm.
Consequently, the spectral sensitivity of the mixtures
according to the invention was thereby fixed, and they

can be selected in such a way that sensitivities

30

35

appropriate to practice can be obtained in the range of
the technically important radiation sources, for example
g-line (436 mm), i-line (365 nm) or UV2 (248 nm). The
acid-cleavable compounds (c) which can be used according
to the invention can then be selected in such a way that
they have virtually no characteristic absorption in these
ranges. By means of steps known to those skilled in the
art, for example by - spectral sensitization, the
sensitivity range of the acid-donating compounds (b) can
be further widened, so that even radiation sources in the
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- 12 - 2nd stage: 15.2 pib.w.) of benzal dehyde di nethyl acetal were heated

under reflux with 32.2 p.b.w. of the urea- alcohol described above in 200
-p-b.w. of toluene in the presence of 0.2p.b.w of p-toluenesul fonic acid.
From 5 time to tine, the toluene/nmethanol m xture formed was distilled

off until, afvtiﬁs"iw:tmutre@ﬂmurer tire thp tamtawwe rﬁgﬂmdonfonxt-nay at
110C for a praol er| 0 The Was a0 ed wn, and washed with

i Dt ¢ Sodi DRATHOEREAR be (e & il Ees rehBe 200 188P68s " W1 o,
drying, the ta'daler&s \ml:ecmzzqmrhaams off mndbehmsr,eaannamgorbel usedwier .
condensed i n 4, i;gh ﬁ@&%gn %Jr i of2 Y ric
conpound of the for r% |d§'.1& e%l r |s%aggﬁoﬁg#gﬁgagggggray‘ggg?he
group SNH COthepoinvenhienpr ggpecd arfd Heghly aag¢tive agHdchyqgoressp
(Conpound 4) ar¥ eRed ) OrsdR ML 7are described, for example, in

If desired, other acid-cleavable compounds can be added
to the mixtures according to the invention; in this case,

10 above all the following compound classes have proven
suitable:

(1) those having at least one-.orthocarboxylic acid ester
group and/or carboxyllc acid amide-acetal group, the
. compounds also hav;ng a polymeric character and it
15 being possible for the said groupings to occur as
linking elements in the main chain or as substitu-
ents in side chains (DE-A 2,610,842 and 2,928,636),
(2) oligomeric or polymeric compounds with recurring
acetal and/or ketal groupings in the main chain
20 (DE-A 2,306,248 and 2,718,254),
(3) compounds having at least one enol ether grouping or
N-acyliminocarbonate: grouplng (EP-A 0,006,626 and
0,006,627),
(4) cyclic acetals or ketals of f-ketoesters or f-keto-
25 amides (EP-A 0,202,196), .
(5) compounds having silyl ether groupings
(DE-A 3,544,165 and 3,601,264),
(6) compounds having silyl enol ether groupings
(DE-A 3,730,785 and 3,730,783),
30 (7) monoacetals and monoketals, whose aldehyde or keto
component respectively has a solubility of between
0.1 and 100 g/l in the developer (DE-A 3,730,787),
(8) ethers based on tertiary alcohols (US-A 4,603,101)
and : |
35 (9) carboxylic acid esters and carbonates of textiary
alcohols, allylic alcohols or benzylic alcohols
[US-A 4,491,628 and J.M. Fréchet et al., J. Imaging
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1t stage: 139.1 p.b.w. of butyyl isocyanate were adde¢ diopwi se to a mxture
of 200 p.b.w. of ethylene glycol and 0.5 p.b.w. of

di azabi cycl o[2,2,2]octane in 200 p.b.w A - of tetrahydrofuran. The

m xture warmng up was stirred for 5 hours at [err] and distilled in vacuo.

Col orl ess oil whi deil s30) s59ve4 @t9ddpPjio 112C/ 0.03 mm Hg (2- hy-

droxyet hyl N butyl-carbamate). 2nd stage: 19.6 p.b.w of piperonal

di met hyl acetal were 25 heat ed under reflux with 32.2 p.b.w. of the

ur et hane- al ¥dkxdiunbs of tde sbddecacihd20bepvbble cbmpoundasecan also Reesence

of 0.2 p.b. w,sfg.P- S Whf B I‘_&g_lh g t&y {4t hanol
m'x'tureforme%f %ﬂ ?FF?E%?UHM elfA‘teh aout ours IlHﬁ:moptem
30 per at Ge& mﬁf-ﬁ@iﬂdbrhﬁ amedwhinh davs I%ﬁﬁﬁiﬁ?@d swmdeme
mxturg vwas egel ¥ daye é‘ﬂ@vé&ﬁéﬂ@ﬂoﬂ\é&htﬁbeét ?1§0@bur(19f)y%rﬁa<l Gnciifedl | ON
and then with_water until rlutr . Afte theéol uene VF |st|IIed
these, especially those Wthh h e an acid-cleavable C-0
C bond. Amongst these, those compounds are particularly
preferred which belong to the types (1), (2), (7) and
(S). Under type (2), especially the polymeric acetals
10 should be singled out, and, of the acid-cleavable com-
pounds of type (7), especially those whose aldehyde or
- ketone component has a boiling point above 150°C, prefer-
ably above 200°C. Overall however, such mixtures are not

preferred.

15 The compound (c) or the combination of compounds (c) is
present in a concentration from 1 to 60% by weight.

The radiation-sensitive mixture according to the inven-
tion also contains at least one polymeric binder which is
insoluble in water but soluble or at least swellable in

20 aqueous alkaline solutions. The binder is distinguished
in particular by being well compatible with the other
constituents of the radiatio.n-sensitive mixture according
to the invention and having the lowest possible charac-
teristic absorption, i.e. high transparency, especially

25 in the wavelength range from 190 to 550 nm. Binders based
on novolak condensation resins, which are as a rule used
in combination with naphthoquinonediazides as the
photoactive components, do not meet this requirement.
Although novolak condensation resins show, after image-

30 wise exposure, an increase in the solubility in aqueous
alkaline developers in the exposed areas, their charac~
teristic absorption is undesirably high in the region of
the short wavelength desired for the irradiation.

For the conventional applications, i.e. with 1light
35 sources in the near UV region, binders based on novolak

This Sheet Has Been Reﬂ

R




" off and the

remai ni ng reyi due was condensed in a high 35. vacuum (0. 01

nmHg) at [err]. This gave an oligoneric conmpound of the formula I in which

. [ferr] is an
and R3 [err]
Preparation
88.06 p.b.w
stirred for

ethyl ene group, X is a grQupg-Q-CO-, [err] is an n-butyl
-13- is a [1, 3] benzodi oxol -5-yl group (Conpound 5).
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Bﬁgﬁgh9%g¥%31dehyde condensates have been described many
times and can, as a phenolic component, contain phenol,
the three position-isomeric cresols or other alkyl-
phenols, for example xylenols, as components. Apart from
formaldehyde, other aldehydes can also be utilized for
preparing the polymer. However, the polymers containing
hydroxy groups, described below, can also be used for
irradiations with near UV light, and these can be admixed
to the novolak polymers described above in a proportion

of up to 50%, preferably up to 20%.

For applications in the UV2 range, however, novolak
condensation resins can be used as a mixture with other
resins of higher transparency, suitable as binders. The
mixing ratios here depend predominantly on the nature of
the binder to be mixed with the novolak resin. Especially
important factors are the degree of characteristic
absorption of the binder in the said wavelength range,
and also the miscibility with the other constituents of
the radiation-sensitive mixture. In general, however, the
binder of the radiation—bensifive mixture according to
the invention can contain up to 50% by'weight, especially
up to 20% by weight, of a novolak condensation resin.

Suitable binders are homopolymers or copolymers of
p-hydroxystyrene and alkyl derivatives thereof, for
example of 3-methyl-4-hydroxystyrene, of 3,5-dimethyl-4-
hydroxystyrene or 2,3-dimethyl-4-hydroxystyrene, and
homopolymers or copolymers of other vinylphenols, for
example of 2~ or 3-hydroxystyrene or of 4¥methy1—3—
hydroxystyrene, or the esters or amides of methacrylic
acid with phenols, for example pyrocatechol, resorcinol,
hydroquinone, pyrogallol or aminophenols and the cor-
responding amides with aromatic amines. Polymerizable
compounds such as styrene, methyl methacrylate, methyl

acrylate or the like can be used as comonomers.
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“di met hyl acetal were heaté&d unger reflux with 32.2 p.b,w .10 of the

ur et hane- al cohol described above in 200 p.b.w. of toluene in the presence
-of 0.2 p.b.w. of p-toluene- sulfonic a€i30 At intervals, the

t ol uene/ net hanol m xture fornmed was distilled off until, after about 6
hours, the t¥ixtagas athaeingneimedinereased amlftem] Yesigtpnee 18re

| onged peri ogy,i6,dR X ¢h 231000 LU "hbBotiehidl,e gggl um
RH% eutr After S

hydr oxi de solutlon and en wth water untll ryi'ng, the

tol uene was E¥aFELe é*énaﬁlftwtt%lsf%%Pﬁga%xi’aaemﬁégﬁéaéf@ﬁ@edarﬁ a
hi gh vacuum h%ealfasa ke @&eb%&ra]uoﬂms %fél?ﬁe%l BQnEhéCa.BQve tyg&mpound

of the_fornul I n mhlch r ene grou the rou
00- GO B [err e, trARRBAT SN G kheee (RiTHSES o A hstably  Rislen Tn
( Conpound 6) thEurﬁéganmomﬁoﬂnﬁeruete pbepaaedmupmvmf retapoethnbngedser by

known nethod§ gqb tlng of particularly preferred 25 conpounds for
t he preparat oﬁ adlatlon sensitive _ -

Equally well, homopolymers or copolymers of maleimide can
also be used. These binders too show a high transparency
10 in the wavelength range "described. Here again, the
comonomers preferably used are styrene, substituted
-styrenes, ﬁinylphenols,'propenylphenols, vinyl ethers,
vinyl esters, vinylsilyl compounds or (meth)acrylates.

Finally, copolymers of styrene can, furthermore, also be
15 used with comonomers which effect an increase in solu-
bility in aqueous alkaline solutions. These include, for
example, maleic anhydride, maleic acid half-esters or the

like.

The said binders can also advantageously be mixed with
20 one another if this does not impair the film-forming . = _
properties and the optical quality of the radiation-

sensitive mixture.

The quantity of binder is in general 40 to 95% by weight,
especially 40 to 90% by weight, preferably 50 to 85% by

25 weight, relative to the total weight of the radiation-
sensitive mixture.

The extinction of the binder or of the combination of
binders (a) in the wavelength range of the sensitivity of
compound (b) should be less than 0.5 pm™.

30 If appropriate, dyes, pigments, plasticizexrs, wetting
agents and flow agents, and also polyglycols and cellu-
lose ethers, for example ethylcellulose, can also be
added to the radiation-sensitive mixtures accoxrding to
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the invention to improve special requirements, such as
flexibility, adhesion and gloss.

When a substrate is to be coated ¢« the radiation-sensitive
mixture according to the invention is expediently dis-
solved in a solvent or in a combination of solvents.
Ethylene glycol, ethylene glycol monomethyl ether,
ethylene glycol dimethyl ether, ethylene glycol monoethyl
ether or propylene glycol monoalkyl ethers, especially

~propylene glycol methyl ether, aliphatic esters (for

example ethyl acetate, hydroxyethyl acetate, alkoxyethyl
acetate, n-butyl acetate, propylene glycol alkyl ether-

‘acetate, especially propylene glycol methyl ether-acetate

or amyl acetate), ethers (for example dioxane), ketones
(for example methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone and cyclohexanone), dimethylformamide,
dimethylacetamide, hexamethylphosphoramide, N-methyl-
pyrrolidone, butyrolactone, tetrahydrofuran and mixtures
thereof are particularly suitable for this purpose.
Glycol ethers, aliphatic esters and ketones are particu-
larly preferred.

Ultimately, the choice of the solvents depends on the
coating process used, on the desired layer. thickness and
on the drying- conditions. The solvents must also be
chemically neutral, i.e. they must not react irreversibly
with the other layer components.

The solution prepared with the said solvents has as a
rule a solids content from 5 to 60% by weight, preferably
up to 50% by weight.

Finally, the invention also relates to a radiation-
sensitive recording material which is composed essen-~
tially of a substrate and, located thereon, a radiation-
sensitive lajrer of the radiation-sensitive mixture
according to the invention.

Possible substrates are all those materials of which

——
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capacitors, semiconductors, multi-layer printed circuits
or integrated circuits are composed or from which these
can be produced. Silicon substrates which can also be
thermally oxidized and/or coated with aluminum, and also
doped, merit special mention. In addition, all other
substrates usual in semiconductor technology are pos-
sible, such as silicon nitride, gallium arsenide and
indium phosphide. Moreover, the substrates known from
liquid crystal display manufacture are possible, such as,
for example, glass and indium-tin oxide and also metal
plates and foils -~ for example of aluminum, copper and
zinc, bimetal foils and trimetal foils, and also electri-

. cally non-conductive foils on which metals have been

vapor-deposited, and paper. These substrates can have
been thermally pretreated, superfi.cia.lly roughened, inci-
piently etched or, to improve desired properties, for
example to enhance the hydroi)hilic character, pretreated

with chemicals.

To impart better cohesion and/or better adhesion of the
radiation-sensitive layer to the substrate surface, the
layer can contain an adhesion promoter. In the case of
silicon or silica substrates, adhesion promoters of the
aminosilane type such as, for example, 3-aminopropyltri-
ethoxysilane or hexamethyldisilazane, can be used for
this purpose.

Suitable supports for the production of photomechanical
recording layers, such as printing forms for letterpress
printing, planographic printing, screen printing and
flexographic printing, are in particular aluminum plates,
which may have been anodically oxidized, grained and/or
silicated beforehand, and also 2zinc and steel plates
which may be chromium-plated, and also plastic films and

paper.

The recording material according to the invention is
exposed imagewise to actinic radiation. Within the scope
of this description, actinic radiation is to be

This Sheet Has Been Replaced




" Compound No. 10: O [err]) -47- Conpound No. 11: [err] ‘Conpound No. 12: 0
[err] Compound No. 13: O [err] .

- 33 -
understood as any radiation having an energy at least
corresponding to that of short-wave visible light. Suit-
able radiation sources are especially metal halide lamps,
carbon arc lamps, xenon lamps and mercury vapor lamps.

5 Likewise, exposure can be carried out with high-energy
.radiation such as laser radiation, electron beams or X-
rays. However, lamps which can emit light of a wavelength
from 190 to 260 nm, i.e. especially xenon lamps and
mercury vapor lamps, are particularly preferred. Further-

10 more, laser light sources can also be used, for example
excimer lasers, especially KrF or ArF lasers, which emit
at 248 and 193 nm respectively. The radiation sources

.must show adequate emission in the said wavelength

ranges.

15 The thickness of the light-sensitive layer depends on the
intended use. In general it is between 0.1 and 100 pm,
preferably 1 and 10 pm.

The invention also relates to a process for producing a
radiation-sensitive recording material. The radiation-
20 sensitive mixture can be applied to the substrate by
spraying, flow-coating, rolling, whirler~coating and dip-
coating. The solvent is then removed by evaporation, so
that the radiation-sensitive layer remains on the surface
of the substrate. The removal of the solvent can be
25 promoted by heating the layer to temperatureé of up to
150°C. The mixture can, however, also be first applied in
the abovementioned way to a temporary support, from which
it is .transferred under pressure and at an elevated
temperature to the final support material. The materials
30 used as temporary support can in principle be all those
which are also suitable as support ' materials.
Subsequently, the layer is irradiated imagewise. The
layer is then treated with a developer solution which
dissolves and removes the irradiated areas of the layer,

35 so that an image of the original used in the imagewise
irradiation remains on the substrate surface.
[ —
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Suitable developers are especially aqueous solutions
which contain silicates, metasilicates, hydroxides,
hydrogen phosphates and dihydrogen phosphates, carbonates
or hydrogen carbonates of alkali metal ions, alkaline
5 earth metal ions and/or ammonium ions, and also ammonia
and the like. Metal ion-free developers are described in’
US-A 4,729,941, EP-A 0,062,733, Us-A 4,628,023,
US-A 4,141,733, EP-A 0,097,282 and EP-A 0,023,758. The
content of these substances in the developer solution is
10 in general 0.1 to 15% by weight, preferably 0.5 to 5% by
weight, relative to the weight of the developer solution.
Preferably, metal ion-free developers are used. Small
quantities of a wetting agent can have been added to the
developers, in order to facilitate the detachment of the
15 soluble areas of the layer.

The developed layer structures can be post-hardened. This
is effected in general by heating on a hotplate up to a
temperature below the flow temperature and subsequent
exposure of the whole area to the UV light from a xenon-
20 mercury vapor lamp (range from 200 to 250 nm). As a
result of the post~hardening, the image structures are
crosslinked, so that in general they have a flow resis-
tance up to temperatures of more than 200°C. The post-
hardening can also be effected without a temperature
25 increase solely'by'irradiation.with.high-enérgy'UV light.

The radiation-sensitive mixture according to the inven-
tion is used in the production of integrated circuits or
of individual electronic components by lithographic pro-
cesses. The developed resist layer here serves as a mask

30 for the subsequent process steps. Examples of such steps
are etching of the layer support, the implantation of
ions in the layer support or the precipitation of metals
or other materials on the layer support.

Examples 1 to 17 which follow illustrate the suitability
35 of the mixture according to the invention for recording
materials in microlithography, using radiation of very
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diverse energy. The superiority of the mixtures according
to the invention over the state of the art is demon-
strated by reference to the comparison examples 18 to 21.
Examples 22 to 24 document the applicability of the
mixture in printed circuits and planographic printing

plates.

In the éxamples, the quantities are as a rule stated as
parts by weight (p.b.w.). Unless otherwise stated,
percentage figures and quantitative ratios are to be
understood as being in weight units. :

- Example 1

A coating solution was prepared from

7.5 p.b.w. of a cresol/formaldehyde novolak having a
softening range from 105 to 120°C,

2.0 p.b.w. of Compound 1 and

0.6 p.b.w. of a,e-bis(4-tert.-butyl-benzenesulfonyl)-
‘diazomethane in

42 p.-b.w. of propylene glycol monomethyl ether-
acetate.

| The solution was .filtered through a filter of 0.2 pym pore

diameter and whirler-coated at 3,200 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane).
After drying for 1 minute at 100°C on the hotplate, a
layer thickness of 1.1 pm was obtained.

The recording material was exposed imagewise under an
original to the radiation of a xenon-mercury vapor lamp
at 365 nm with an energy of 80 mJ/cm?. To complete the
cleavage of the solution inhibitor, the material was
heated for 1 minute to 60°C.

The recording material was developed using the developer
of the following composition:

S
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5.3 p.b.w. of sodium metasilicate x 9 H,0,

3.4 p.b.w. of trisodium phosphate x 12 H,0,

0.3 p.b.w. of sodium dihydrogen phosphate and

191 p.b.w. of deionized water.

5 After a developing time of 60 seconds, this gave a
defect-free image of the mask with steep resist flanks,
structures of < 0.55 pm also being resolved in true
detail. An examination of the flanks of the resist
profiles by means of scanning electron microscopy proved

10 that these were aligned virtually perpendicular to the
substrate surface. The contrast was 3.8.

The contrast 6f a positive resist, y,, is defined as
Yo = 1/ (log D, ~ log D) = [log(D,/D,°) 17

where D,° is the irradiation dosage at which the developer

15 starts to attack the exposed film, and D'p is the resist
space point (= resist sensitivity). An accurate des-
cription of this parémeter has been given in the article
by L.F. Thompson and M.J. Bowden "Resist Processing"
(Introduction to Microlithography, Theory, Materials and

20 Processing, edited by C.G. Willson, L.F. Thompson and
M.J. Bowden, ACS Symp. Ser., 219, 164 et seq. (1983),
American Chemical Society, Washington).

Example 2
A coating solution was prepared from

25 7.5 p.b.w. 0f a styrene/p-hydroxystyrene copolymer
(molar ratio 20:80) having a mean molecular

weight of 32,000,

2.0 p.b.w. of Compound 2 and
0.5 p.b.w. of ¢,a-bis-(4-tert.~butyl-benzenesulfonyl)-

30 - diazomethane in

42 p.-b.w. of propylene glycol monomethyl ether-
acetate. ' _
‘ I
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The solution was filtered through a filter of 0.2 um pdre

diameter and whirler-coated at 3,000 rpm onto a wafer

treated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C on the hotplate, a
5 layer thickness of 1.12 uym was obtained.

The recording material was exposed imagewise under an
original to the radiation of a xenon-mercury vapor lamp
at 260 nm with an energy of 92 mJ/cm? and then heated for
1 minute at 65°C. It was then processed using an aqueous
10 developer which contained 2.38% of tetramethylammonium
" hydroxide. After 60 seconds, this gave a defect-free
image of the mask with high flank stability. A contrast
value of 5.6 was determined, and here again structures of

< 0.55 um were resolved in true detail.

15 Example 3
A coating solution was prepared from

7.5 p.bew. of a poly'(pyrocatechol monomethacrylate)
" having a softening range from 125 to 135°C,
2.0 p.b.w. of Compound 3 and
20 0.4 p.b.w. of  2-(4-€thoxy-naphthalen-1-yl)-4,6-bis-
‘trlchloromethyl 1,3,5~triazine in
42 p.b.w. of propylene glycol monomethyl ether-
. ,,a-'c_:ei:a}:e.

The solution waé filtered through a filter of 0.2 pm pore

25 diameter and whirler-coated at 3,200 rpm onto a wafer
treated with an adhesion promoter ( hexamethyldisilazane).
After drying for 1 minute at 100°C on the hotplate, a
layer thickness of 1.1 um was obtained.

A wafer coated in this way was ‘irradiated under an
30 original with light of a wavelength of 405 nm and an
energy of 100 mJ/cm®. The material was then heated for 1
minute at 60°C. After development, an image true to the

original was obtained.
eet Has Been Replaced
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o, X . lerr] ™y 73 R3 31, OCO [err]

[(e'rr] C2H5 5 32 co Cerr] C3H7 C4H9 33 O CO
-[err] C3H7 [err] 34 O CO. 38[err] [err] [err] 35

NH- CO [err] CAHO [err] 36 NH- CO [err] C3H7

[err] 10 Exainple)-£0 [err] [err] [err] 38 NHCO [err]

[err] 4-B o] . H £ yphenyl

40 O L.l{fxg)r quaj:uﬁgegnt? %gfampl%e.ﬁ_o as Iz'lelpeaté%o but {Eé%?% h(?f &

[err] 2- NMaverhengtsh of 43% nml\lwa@ouseci/er'rq: obtain aC3#yarp-edged

4- Ni trophenyls t QX e O CO

[err] pheny e NE" @Qe Jlﬁe.[q]i}%afl Q%%cess%zbf" f@e%irga D - o

, 6- Di énl orome @erqy ’E-? "fm . C3H7 2, 4- D| f 1 uor ophenyl
Example 5

A coating solution was prepared from

7.5 p.b.w. of a styrené/maleimide copolymer (molar
' ratio 1:1) having a softening range from 165
10 to 180°C, '
2.0 p.b.w. of Compound 3 and
0.6 p.b.w. of benzenesulfonyl-(4~-chlorobenzoyl)-diazo-
methane in '
42 p.b.w. of propylene glycol monomethyl ether-aceta-
15 te.

The solution was filtered through a filter of 0.2 pm pore

diameter and whirler-coated at 3,700 rpm onto a wafer

treated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layer thickness of
20 0.98 pm was obtained.

The recording material was exposed imagewise under ‘an
original to the radiation of a xenon-mercury vapor lamp
at 260 nm with an énergy of 120 mJ/cm?. The material was
then heated for 2 minutes at 65°C.

25 The recording material was developed ﬁsing a 0.02 N
aqueous solution of tetramethylammonium hydroxide, the
exposed areas being detached without residue within
60 seconds. A defect-free image of the mask with steep
resist flanks was obtained. The loss in the dark was

30 < 20 nm; even structures of < 0.6 ym were resolved in

true detail.
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20 47 O CO [enr] C3H7 2,3,5-Tri.chlorophenyl 48 O CO
[err] C3H7 Ferrocenyl According to the invention, a :

Tadi ation-sensitive mxture is also prgposed which contains, as
essential constituents, 25 (a) a biTler which is insoluble in water

and sol ubl e
conpound whi

wth iga t swellable in agueous al kaline solutions, (b) a
es a strong acid under the action of actinic

radi ati on, arfd §e3tingospbukiontvas preParedefEPMone aci d-cl eavabl e 30

C- O C bond and whose acid cl eavage products are nore readily soluble in

| kal i luti ' : i
aqueous al ka |7n.e5 slg).gf‘lv?nso;_hgﬂetggpgfggggngr&s :lggmpIgl E'Sheet Has Been Re

| aced
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15

20

25

30

2.0 p.b.w. of Compound 4 and
0.4 p.b.w. of 4-(2-[2]furyl-vinyl)-6-trichloromethyl-
' 2-pyrone in ;
42 p.b.w. of propylene glycol monomethyl ether-
acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,500 rpm onto a wafer

- treated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layer thickness of
1.00 pm was obtained.

The recording material was exposed imagewise under an
original to radiation from a xenon-mercury vapor lamp at
260 nm with an energy of 112 mJ/cm? and then heated for 1

_minute at 60°C.

The recording material was developed using a 0.02 N
aqueous solution of tetramethylammonium hydroxide, the
exposed' areaé. being detached without residue within
60 seconds and an image of the original true to detail

~ being bbtainedt The measured contrast was about 8; the
'edgeﬁ s;eépﬁess of .the image was correspondingly
excellent. |

Example 7
A coating solution was prepared from

7.5 p.b.w. of the copolymer described in Example 2,
2.0 p.b.w. of Compound 11 and
0.3 p.b.w. of triphenylsulfonium trifluoromethanesul-
fonate in | '
42 p.-b.w. of propylene glycol monomethyl ether-
acetate.
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" - 25 - In the nixture acgording to the invention, thé aci.d- cleavable
gompound (c) is an oligoneric N, O acetal of the formula | described above.
- The radiation-sensitive mxture accordinggtQ the inven- 5 ‘tion is
di stingui shed by a high sensitivity over a wi de spectral range. It shows a

hi gh ther nal ﬁi@tgélﬁﬂléﬂ%@kfﬂtéré@%ﬂ%@w%lfrﬁtt@ﬂ o0 QL. QpPﬁdyéfeeven
superfine structures of an aqrjgj nal 1S IS che to the property of the

mi xture cont HSHAMRL ?ﬁe%ﬂﬂﬁ&e’éWEﬁanpo ,r&OOlOer ontPeft | BRLGF

al | owl ngdan Weédiywitmfazﬂaghese.ﬁm Pi:gﬂﬁtéi' (ni@xsmétw?wiszabsfmp i mage
areas and no e.areas Lo achi eve onte 1 d; cl eava
material (c) r}f%t?’ged?%ﬂﬁlgt#%ﬁ ge’ﬁ%ﬁ‘? T‘ni&ﬁ ra%c ﬂﬁ?ﬁg ¢ ]ﬁ’l% ?n@gnt I on
15 Shoul d 4B lpth owé9%6biainedht | preferabl y 5 to 50% by wei ght, each
relative to the total weight of the m xture.

The recording material was exposed imagewise under an
original to radiation from a xenon-mercury vapor lamp at
260 nm with an energy of 112 mJ/cm?. It was then heated
for 1 minute at 60°C.

10 The recording material was developed using a 0.27 N
" aqueous solution of tetramethylammonium hydroxide, the
exposed areas being detached without residue within
60 seconds and an image of the original true to detail
being obtained. Lines and ,gaps down to 0.5 uym were

15 reprodizced true to the mask.

Example 8
The recording material from Example 7 was irradiated with

synchrétron radiation (BESSY, Berlin, 754 MeV) through a
gold-on-silicon mask at a dosage of 120 mJ/cm?. The

20 experimental arrangement is to be found in A. Heuberger,
Microelectr. Eng., 3, 535 (1985) The exposed material
was left to lie for 30 minutes’ at room temperature. After
development using_ the developer descrlbed in Example 7
and a developirfg time of 120 seconds, a defect-free image

25° of the mask down to structures of < 0.4 um was obtained.
The contrast was determined to be > 8; the resist flanks
were virtually perpendicular to the planar substrate
surface. '

Example 9
30 A coating solution was prepared from

7.5 p.b.w. of a formaldehyde/m-kresol/p-kresol novolak
having a softening point from 100 to 110°C,

2.0 p.b.w. of Compound 14 and

0.3 p.b.w. of 2-(4-methoxystyryl)-4,6-bis~trichloro-~
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Phot ol ytic acid donors b))arejadded to the acid-cleavabl & conmpounds c)
contained in the radiation-sensitive m xture according to the invention,
for which purpose onium 20 salts, =sikh-as di azonium phosphoni um
sul foni um and i odoni um salts of non-nucl eophilic acids, for exanple of
[err], or [err][J.V. CrivenethyPel y3n58cxripziee. in23, 953 (1983)],

b A1, 540 010, Brb v "o, Brppliend= RivUL, Jgponelid | deber )l

trichloro- methyltriazine acetrkevat i ves (US-A 3,515,552, US-A
3, 536, 489, US-A 3,779,778, DE- A 2,718,259, DE-A 3,337,024, DE- A

3, 333, 450, DE- A.2, 306, 248, A 2,243,621 and -A 1,298,414) or
trichl or omet FRSERLUgON wag ﬁl regeFhrough.2 fDEE?’A %EO(S‘_LZ PO A
3,021, 8§99, .DaiAmstdr, 4nd, Whﬁﬁeﬁ‘-ﬁw%t 3, @EOAIQQIIB%%Oa wafeirP- A

O sanonar s AP G, Qe stasane

After drying for 1 minute at 100°C, a layer thickness of
1.05 pm was obtained.

The recording material was exposed imagewise under an
10 original to radiation of a wavelength of 365 nm with an
energy of 95 mJ/cm* and then heated for 1 minute at 65°C.

The recording material was developed using a developer of

the following composition: ]
5.5 p.b.w. of sodium metasilicate x 9 H,0,

15 - 3.4 p.b.w. of trisodium phosphate x 12 H,0, and
0.4 p.b.w. of anhydrous monosodium phosphate in
90.7 p.b.w. of deionized water,

the exposed areas being detached without residue within
60 seconds and an image of the original true to detail

20 . being obtained. Lines and gaps down to 0.5 pm were
reproduced true to the mask.

Example 10 _
A coating solution was prepared from

6.0 p.b.w. of a homopolymer of 3-methyl-4-hydroxysty-
25 rene having a softening point from 155 to
"'160°C and a molecular weight of 22,000,
3.5 p.b.w. of Compound 1 and _
0.1 p.b.w. of 1,2,3-tris-methanesulfonyloxybenzene in
42 p.b.w. of prépylene glycol monomethyl ether-
30 acetate.

The solution was filtered through a filter of 0.2 um pore
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Al though very good resulf)s afe obtainable with such 35 "1 - conpounds,

are al toget her

t hese

not preferred since acids having a highly corrosive action

are generated in such [err] - 26 --rdgiation-sensitive mxtures. Rather,
t hose photolytic acid donors are preferred which generate sulfonic acids on

exposur e.

Eddapbterofarslicwhivhpoundatedi et 00 npm- artimed wadexhe

err]-carbo I I
1L Couprekogsad o0k, eI ghqabtep nesamsiyigtetiapane) oo,

a, a- bi's-sul
ni t r obenzyl

3, 259, 19901.05 YawakaoBtadhed.J.

pyrogal | ol
5

10

15

20

25

30

f on I azomet han

sulfonates [T. Ueno et al., Chemca

The recording material was exposed imagewise under an
original to radiation of a wavelength of 248 nm with an
energy of 25 mJ/cm?. The recording material was then

heated for 1 minute at 60°C.

The recording material was developed using an agqueous
déveloper which contained 2.38% of tetramethylammonium
-hydroxide.'Even after a few seconds, it was possible to
obtain an image true to the original, in which even
details of < 0.5 pm were resolved. The contrast was

determined to be 4.5.

Example 10a
‘5 wafers were coated as described in Example 10 but, in

place of the quéntity of Compound 1 indicated therein,
0.3, 0.6, 0.9, 1.2 and 1.5 p.b.w. were used. The samples
were processed as described in Example 10. The results

~are shown in the tables after Comparison Example 21.

1]

Example 11
The mixture described in Example 10. was applied, exposed

and flnally heated as described therein. The development
was carrled out using the developer described therein, to
which 10% of isopropanol had been added. Details down to
0.3 pm were reproduced true to the original. The profiles
of even the smallest fractures were virtually vertical.

Example 12
A coating solution was prepared from

6.0 p.b.w. of the homopolymer indicated in Example 10,

3.5 p.b.w. of Compound 1 and

0.2 p.b.w. of 4-methyl-6-(4-methoxystyryl)-N-methane-
sulfonyloxy-e¢-pyridone in

et Has Been R
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10 Anplification Posit)ve Resist Systems Using Novel Sulfon- ates as

Aci d Cenerators, I n "Pol yners for Mcroelectronics - Science and
Technol ogy", edited by Y. Tabata et al.s, &Bdansha- Wi nhei m New York, 1989,
pages 66-67] or imnosul fonates (MShirai et al., J. 15 Phot opol ym

Sci. Techn., 32 301p.h0o80).ofhe propyileng i dghpsotonmunamethylsul €theroxy
groups nentioned in the appiiatgfbions P 41 12 967.9, P 41 12 966.0 and P
41 12 965.2 filed concomtant?y are particularly preferred. In general, 0.2
to 25% by wei ght of the photolytic acid 20 donors are added to the

m xt E[ e. Pr opgmie ?mﬂtﬁil&; Swds fh&%%ewmgaf @ Ei&ftéﬁ:[) eif oalgpﬂa i_a@réO;% by
wei is partj.cu err.e ese can be fixed pregise
onlg in a Eonéirleqnéeatf%’)r(ngp HHI3%H f?%mtjt&? t@?yﬁ@toTkPep‘ﬁﬁg?Bl y%ll C
aci d doors hameatmmtmanZEdhesn.onxpmoter (texamethyhdi bl arane ) 200
and 500 nm  GASEAUEN I Ng £4F PREMIEL SENPOS*Y! LY féyéPetﬂléiHééé of

1.05 pm was obtained.

The recording material was exposed imagewise under an

original to the radiation of a KrF-excimer laser at
10 248 nm with an energy of 65 mJ/cm?*. The recording

-material was then heated for 1 minute at 60°C.

The recording material was developed using an aqueous
‘developer which contained 2.38% of tetramethylammonium
hydroxide. Even after a few .seconds, it was possible to

15 obtain an image true to the original, in which even
details of less than 0.5 ym were resolved.

Example 13
The material described in Example 12 was irradiated with

light of a wavelength of 240 to 260 nm and. further

20 processed as described therein. In order to obtain a true
image of the original down to 0.6 pm, a dosage of
45 mJ/cn’ was necessary.

Example 14
The material described in Example 12 was irradiated with
25 light of a wavelength of 365 nm and further processed as

described therein. In order to obtain a true image of the
original down to 0.6 pm, a dosage of 85 mJ/cm® was
necessary.

Example 15
30 The material described in Example 12 was irradiated with

light of a wavelength of 405 nm and further processed as
described therein. In order to obtain a true image of the
original down to 0.65 pm, a dosage of 97 mJ/cm® was
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accord| ng to the |nvent|dn wak thereby fixed, and they can be selected in
such a way that sensitivities appropriate to practice can—be—obtained ln

. the range of 30 the technically i npag ant radiation HA4f ces, for
exanple g-line (436 nm, i-line (365 nm or W2 (248 nm. t Has Been Replaced
aci d- cl eavabnecegaainds (c) which can be used accordi ng d’"’ mnl ’mon
can then be selected in such a way that they have vi rtual
characteristic absorption in these 35 ranges By nmeans of steps known
to those ski M;@;ﬂ@ art, for exanple spectral sensitization,

the sensitivigy LARYG1Gh Hé%cﬁ%ﬁéé’%fﬂ‘tﬁ:é& @1{1?-'9%% (3 a‘Eﬁ‘. 6 Wadder

wi dened, so that even radi ation sources I N
light of a wavelength of 436 mn further processed as

5 described therein. In order to obtain a true image of the
- original down to 0.65 pm, a dosage of 122 mJ/cm® was
necessary.

- Example 17 and Comparison Examples 18 to 21
In each case five coating solutions of the five basic
10 fomul'atj_.ons identified below were prepared, the solution
.inhibitor ']:Séing employéd_ in-a quantity of 5% by weight,
10% by weight, 15% by weight, 20% by weight and 25% by
weight, relative to the quantity "of the polymer used
(= 0.3 p.bw., 0.6 p.bw.,, 0.9 p.b.w., 1.2 p.b.w.,
15 1.5 p.b.w.):

Example 17 :
6.0 p.b.w. of the homopolymer indicated in Example 10,

x p.b.w. of Compound 1 and
0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-

20 methyl-1,3,5-triazine in |
42 p.b.w. of propylene: glycol monomethyl ether-
acetate. N

Comparison Example 18 - -
6.0 p.b.w. of the homopolymer indicated in Example 10,

25 x p.b.w. of a monomeric acetal prepared from 1 mol of
benzaldehyde and 2 mol of phenoxyethanol and
0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-
methyl-1,3,5-triazine in
42 p.b.w. of propylene glyccl monomethyl ether-
30 acetate.- '

Comparison Example 19
6.0 p.b.w. of the homopolymer indicated in Example 10,

x p.b.w. of an oligomeric acetal prepared from 1 mol
of benzaldehyde and 1 mol of diethylene



- 27 - visible region or ih the short-wave region of X-ray radiation can be
used. Finally, other radiation sources, such as el ectron beans or ion
-beans, can al so be used for the i magew se4glifferentiation of the m xture
according to 5 the invention, especially if highly active acid donors
are used, such as are descr ghedolf andexanpl e, in EP-A 0, 318, 649.

desired, other eavab n dy t

according to th‘g% rR/ AtV on; |n ?%Pg&lc]gé%ﬁ&%g&%go%ég 1Hzlgtﬁkf{:ﬂ?’{?ovv?'ng
conpound cl asses have provemethylabbé S5¢tyriaghpeeinavi ng at | east one

or t hocar boxyl i acyﬂ ES&er ggou 1QUnePar PPyybi C Qﬁhgmﬁﬁyﬂg_acgﬁﬁérgroup,

t he conmpounds a so "havi ng a pol ynerrc chara ter and it 15 bei ng
possi bl @ for the said group®f88a3t8-occur as linking elenents in the main
chain or as substitu-

Comparison Example 20
6.0 p.b.w. of the homopolymer indicated in Example 10,
x p.b.w. of an oligomeric acetal from 1 mol of
benzaldehyde and 1 mol of butyne-1,4-diol
10 and |
0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-
- methyl-1,3,5-triazine in
42 p.-b.w. of propylene glycol monomethyl ether-
acetate.

15 Comparison Example 21
6.0 p.b.w. of the homopolymer indicated in Example 10,

X p.b.w. of a monomeric acetal prepared from 1 mol of
benzaldehyde with 2 mol of l,4—bithydroxy-
methyl-cyclohexane and

20 0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-
methyl-1,3,5-triazine in
42 p.-b.w. of propylene ' glycol monomethyl ether-
acetate.

The solutions were filtered through a filter of 0.2 pum

25 pore diameter and each whirler-coated onto two wafers
treated with an adhesion promoter (hexamethyldisilazane),
the conditions being selected such that a layer thickness
of 1.00 = 0.05 pm was obtained after drying at 100°C.

The wafers were then dipped for 1 minute at 21°C into an
30 agqueous developer containing 0.27 mol/l of tetramethyl-
ammonium hydroxide, and the layer loss was determined by
means of a layer thickness-measuring instrument. The pure
polymer had a 1loss rate of 327 nm/minute in this
developer. The following values were obtained for the
35 rates of loss in the dark from the various mixtures
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ents in side chains (DE-A 2,%10, 842 and 2,928, 636), (2) : oligoneric or
pol'ynmeric conpounds with recurring acetal and/or ketal groupings in the
mai n chain 20 (DE- A 2,306, 248 agd-2, 718, 254), (3) conpounds
having at | east one enol ether grouping or N-acylim nocarbonate grouping
(EP- A 0, 006, paki/mhfAu@e)@6, 627), (4) cyclic acetals or ketals of

[err]-ketoesters or [err] 25 am des (EP-A 0, 202,196), (5)
conmpounds having sinI et her grouplngs (DE-A 3,544,165 and
3,601, 264), conmpoungstravi g st Hyt—enot—ether—grouprmgs —(DE-A
3, 730, 785 an §9e783) 30 c&ﬁ&enﬂﬁéeﬁsﬁtéfSséﬂﬂtﬂaﬂokﬁhibitofkOse
al dehyde or <eto onponerjt respectivel as a solubility of ;,between}0.1 and
100 g/ in tp¥©devel oper |( DE- A A 3%734, 7 @)15 ther529§3ed oﬁsﬁbrtlary
al cohog s (USR-A-4,603,-101)

10 103 39 6 8 6

17 92 45 10 10 8

18 370 225 157 143 182

19 340 309 299 | 266 287

10 20 192 152 96 107 163
21 197 145 114 97 65

It can seen from this result that the oligomeric
N,O-acetals according to the invention show a signifi-

15 cantly improved inhibiting effect for polyhydroxystyrene
polymers. Similar results could also be obtained with
other phenoli¢ polymers.

The remaining wafers were then irradiated by a KrF
excimer laser at a dosage of 100 mJ/cm?, heated for

20 1 minute at 60°C, and the 1loss in brlght light was
determined (nm/minute): °

Example ' '~ Concentration of solution inhibitor
No. 5% 10% 15% 20% 25%
25
10 450 600 780 900 977
17 412 450 617 822 897
18 470 521 640 842 912
19 320 | 350 345 375 360
30 20 400 510 590 6390 820
21 420 478 534 590 700

This shows that the mixtures containing the N,O-acetals
according to the invention have a very good
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“and 35 (9) carboxyllc)aC|N esters and carbonates of tertlary al cohol s,
allylic alcohols or benzylic alcohols [US-A 4,491,628 and J.M Frechet et

al., J. Imaging This Sheet Has Been Rep_aﬁ?d [err] - 28 - Sci. 30, 59-64
(1986)] . hAxtures of the said acid-cl eavabl e conpounds can al so be used.
Anongst t hese Yetiof g%ﬁbﬁiﬁg%@tm smﬁ el yakgousgd

whi ch have to aSSI under

one. of the above iloned t es (D)
to (9) and, aﬁﬂﬁas¥°§ﬁe§€te§sB%EV%?PyeFR%§%dmﬁ? huﬂ§§8°§ﬁ Pﬁeflgﬁ Ble
C-0- C bond. A®nosttAEESs casdse farmbendseatestaoti alllathg examples,

i.e. they allow'a‘very'good.differentiation between image

5 areas and non-image areas.

Example 22

A coating solution was prepared from

7.5 p.b.w. of a copolymer of 3-methyl-4-hydroxystyrene/
_ 4-hydroxystyrene (molar ratio 2:1) having a
10 mean molecular weight of 18,000,
Z.O'p.b.w. of Compound 1 (molecular weight approx. 3,000),
0.2 p.b.w. of ,0l-bis-(4-methylbenzenesulfonyl)~diazomethane
in
42 p.b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore

15 diameter and whirler-coated at 3,200 rpm onto a wafer treated
with an adhesion promoter (hexamethyldisilazane). After
drying for one minute on a hot plate, a layer thickness of

1.03 um was obtained.

The recording material was exposed imagewise under an

20 original to the radiation of a KrF-excimer laser with an
energy of 34.mJ[cm?j us}ng a PAS _5000/70 exposure apparatus
(manufaéturér'ASM-Lithography) and then heated for 1 minute
at 60 °C.

The recording material was developed using an aqueous

25 developer which contained 2.38 % of tetramethylammonium
hydroxide. After 60 seconds a flawless reproduction of the
mask was obtained, structures down to 0.35 um being resolved

in true detail.
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preferred which belong td the types (1), (2), (7) and (9). Under type (2),
especially the polyneric acetals 10 shoul d be singled out, and, of the
aci d-cl eavabl e com pounds of type (7)f‘é§pECiaIIy t hose whose al dehyde or
ket one conponent has a boiling point above [err], prefer- ably above [err].
Overal |, however, such m xtures are not preferred. 15 The conpound (c)
or the conbinati on of conpounds (c) is present in a concentration from1l to

60% by meight. ihegéadiation-sensitive m xture according to the inven- tion
al so cont ngee t one polyneric binder which is insoluble in water but

spluble_orAatoéeaag su&hhabheMap b&epare@qukmms al kal i ne splutions. The
other const1EheBlE 8F D Saperoiell ot PRAAZ A SARIY RS, | 0°
i nvention and havi ng t Behiydwesysgyrsne d modarasatier i1stlilc hebdigwpta on, i . e.
hi gh sransparency, espgpehdl hblecular weight of 17,000,

2.0 p.b.w. of Compound 1 (molecular weight approx. 5,000),

0.3 p.b.w. of &,-bis-(4-chlorobenzenesulfonyl)-diazomethane

in
42 p.b.w. of propylene glyccl monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore

10 diameter and whirler—coated-a£'3,5003rpm onto a wafer treated
with an adbesion promotér (hexamethyldisilazang). After .
drying for. one minute on a hot plate, a layer thickness of

0.98 um was obtained.

_ The recording material was exposed imagewise under an

15 original to the radiation of a KrF-excimer laser with an
energy of 38 mJ/cmZ, using a PAS 5000/70 exposure apparatus
(manufacturer ASM—Lithographj) and then heated for 1 minute
at 60 °cC.

The recording material was developed using an agueous

20 developer which contained 2.38 % of tetramethylammonium
hydroxide. After 60 seconds a flawless reproduction of the
mask was obtained, in which even structures down to 0.30 um
were resolved in true detail. The anglelof structure edges

was in the range of 90° + 3°.

25 Example 24
A coating solution was prepared from

4.5 p.b.w. of a homopolymer of 3-methyl-4-hydroxystyrene
having a mean molecular weight of 22,000,
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"25 in the wavel ength yangé from 190 to 550 nm Bi hders based on novol ak
condensation resins, which are as a rule gsed in conbination wth
-napht hoqui nonedi azi des as the photoactiVve conponents, do not neet this
requi renent. Al though novol ak condensation resins show, after image- 30
W se exposure, an increase in the solubility in aqueous al kaline devel opers
I n the exposed areas, their charac- teristic absorption is undesirably high

in the region of the short wavel ength desired for the irradiation. For the
convent i onaP -SpR-tcityi Gfs 2 Hamorglipey Gt BRYAromhEane Pavdhear W
region, binders based @eatovideuliizs wiicpit es Rewvde s erkdrerr] -

29 - HOECHST CELANESE CORPORATION),
2.0 p.b.w. of Compound 1 (molecular weight approx. 5,000),
5 0.3 p.b.w. of<iJx—bis—(4—bromobenzenesu1fonyl)—diazomethane
in .
42 p.b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore

diameter and whirler-coated at 3,500 rpm onto a wafer treated
10 with an adhesion promoter (hexamethyldisilazane). After

drying for one minute on a hot plate, a layer thickness of

0.94 um was obtained.

The recording materiél was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an

15 energy of 30 mJ/cmZ, using a PAS 5000/70 exposure apparatus
(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °cC.

The recording material was developed using an agueous
developer which contained 2.38 % of tetramethylammonium

20 hydroxide. While fhe non-image areas showed an erosion of .
< 20 nm/min, the erosion produced by the developer in the
exposed areas was >10,000 nm/min. ‘After 60 seconds a
flawless reproduction of the mask was again obtained,

‘ structures down to 0.30 um being resolved in true detail.

25 The angle of the structure edges was in the range of 90° +
3°.

Example 25

A coating solution was prepared from

3.0 p.b.w. of a homopolymer of 3-methyl-4-hydroxystyrene
30 " having a mean molecular weight of 22,000,
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condensatlon resins are partlcularly sui tabl e, which havejas a rule been
used in conbination w th napht hoqui none- di azi des as t he phot oacti ve
,conponents. Such phenol / f or mal dehyde cerfdersat es have been descri bed nmany
5 times and can, as a phenolic conponent, contain phenol, the three
position-isoneric cresols or other al kyl- phenols, for exanple xylenols, as
conponents. Apart from fornmal dehyde, other al dehydes can also be utilized
for preparing the polynmer. However, the polynmers containing 10 hydr oxy
groups, described below, can also be used for irradiations with near W

light, and these, Cﬁnwbeoﬁdg‘ﬁGﬂonlPﬂ@rn9¥ohaKXEQB%§§E§r@%§Chh@%ﬂgagove in
a proportion of up to 50% preferab appliications’in the
W2 range, however, novBFaR msleculeenwehgaﬁueﬁ P83PRY cARHSe f598d as a

m xture with other resipeeofisti gheanEsaneparerayTofyi,t abl e as binders. The
m xing ratiqf.ger?bdspegg 8£%ggﬂkgantk¥09ecu grngggggtogpprox. 5,000),
5 0.3 p.b.w. of &,X-bis-(4-chlorobenzenesulfonyl)-diazomethane
in
42 p-b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore

diameter and whirler-cocated at 3,500 rpm onto a wafer treated
10 with an adhesion promoter (hexamethyldisilazane). After

drying for one minute on a hot plate, a layer thickness of

0.90 um was obtained.

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an

15 energy of 30 mJ/cmz, using a PAS 5000/70 exposure apparatus
(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °cC.

The recording material was éeveloped using an aqueous
developer which contained 2.38 % of tetramethylammonium
20 hydroxide. While the non—imade‘areas showed an erosion of
< 20 nm/min, the_erogion produced by the developer in the
exposed areas was >10,000 nm/min. After 60 seconds a
flawless reproduction of the mask was obtained, structures
down to 0.35 um being resolved in true detail. The angle of
25 the structure edges was in the range of 90° + 3°.

Example 26
The coated wafer of Example 23 was exposed through a

phase-shifting mask, using the exposure apparatus there
described. Under the conditions described in this example,

30 structures down to 0.16 um could be reproduced true to scale

and with virtually vertical resist profiles.
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“the binder to be nixed w t)h tHe novol ak égsi n. Especiallyyinportant factors
are the degree of characteristic 20 ~ absorption of the binder in the

".sai d wavel ength range, and also the mscibility with the other constituents
of the radiation-sensitive mxture. In general, however, the binder of the

radi ati on-sensi tiv .pixture according to the invention can contain up to
50% by mei§¥§¥5é§%§%+ally 25 up to 20% by wei ght, of a novol ak
condensat i @her esiatedSiwatat ehibbamlardd haopoigesed throepol Fners of

p- hydr oxystyr.ene | kyl i i Lo 20pl e of

3- et hyl - 4- f%%q%%ytﬁe e,m%fq{’Sj{%l Eﬁ\z’:tl%)ﬁé’%g%%dr 0X s_tyren% or ¢

2, 3- di net hfeseripadoxy dindehdhey e tions, AR{RN siprthkbpopyample of

ot her i nykpheRdhtres IwEXAT .8 Ol -c AL BBY FPySdyéeder e Oto scale
4- et hyl - 3- hydr.oxystyrene, or the esters or am des of nethacrylic acid

wi th phenoP89 WaitheVadmiualdy Jeftdamd readstr RERTL19Sdr oqui none,
pyrogall ol or am nophenols and the cor- '

Example 28

For producing an offset printing plate, an aluminum foil

having a mechanically roughened and anodized surface was
whirler-coated with a coating solution of the following
10 composition: |

7.5 p.b.w. of the novolak indicated in Example 1,

2.3 p.b.w. of Compound 1,

0.3 p.b.w. o0f 2~(4-methoxystyryl)-4,6-bis-trichloro-
) methyl-1,3,5-~triazine and.

15 0.05p.b.w. of crystal violet base in
90 p.b.w. of propylene glycol monomethyl ether-
acetate.

After drying of the layer (dry weight about 2.5 g/cm?),
it was exposed under a positive test original for 30
20 ‘'seconds, stored for 15 minutes: at room temperature and
developed using a developer'of the following composition:

0.5 p.b.w. of sodium hydroxide,
0.8 p.b.w. of sodium metasilicate x 9 H,0 and
1.0 p.b.w. 0of 2-n-butoxyethanol in

25 97.7p.b.w. of deionized water.

After rinsing with water, the plate was made ready for
treating by wiping with 1% phosphoric acid. After clamp-
ing into a printing press, 55,000 perfect prints of the
original were cobtained.

30 Example 29
The solution of a positive dry resist was prepared by

preparing the following composition:
| This Sheet Has Been Replaced
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"35 respondi ng am des Wi thjaromatic am nes. Pol ynerizabl e compounds such
as, styrene, nethyl nethacrylate, nmethyl acrylate or the |ike can be used as
.conmobnoners. This Sheet Has Been Re | aced J2err] - 30 - Mxtures having an
i ncreased plasma resi stance are obtai ned when silicon-containing vinyl
mononers, for 1@xdmmM.® W.nylak ithe mavwilandegcribgd tin ngxanple| gn are

used for the Q_roe@a?itﬂqp Ofo € QRAUPHERIE Lf the above type. 5 The
transparency of th bi nders 1Is generally gher. in the region of

interest, so tfaP P &red K r bl iﬁdfP§YBG§§Pﬂﬂé @Eﬁﬁ%qﬁ}Qﬁﬂmethyl'
honopol ynmers or copolynerszﬂbyﬁﬂnaram&acan

5 0.1 p.b.w. of crystal violet in
25 p.b.w. of butanone.

A 25 pm thick polyethylene terephthalate film was coated

with this solution to give a dry layer thickness of

16 pm. The surface of the dry resist film was laminated

10 to a further polyethylene terephthalate f£ilm having lower
adhesion. After peeling off the cover film, the dry film

was laminated under pressure and heat to a brass plate.
"After cooling and peeling off the support film, the plate

was exposed through an original, - good image contrast

15 becoming visible. After storage for 20 . minutes, the
. exposed areas were spray-developed using a developer of

the composition indicated in Example 11. The plate was

then etched through to smooth flanks. The milled products
obtained can be yet further processed before they are

20 separated.

Example 30
A coating solution was . prepared from

7.5 p.b.w. of the novolak indicated in Example 9,
2.0. p.b.w. of Compound 14,
25 0.05 p-b.w. of crystal violet base and .
0.6 p.b.w. of 2-(4-methoxystyryl)-4,6-bis—trichloro-
methyl-1,3,5~-triazine in
42 p-b.w. of propylene glycol monomethyl ether-
acetate.

30 The solution was whirler-coated onto an electrolytically
roughened and anodized aluminum plate, which had been
treated beforehand with an agueous solution of polyvinyl-
phosphonic acid, and dried. The layer weight of the dried
layer was 1.5 pm.
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“al so be used. These binders tod show a hi gh transparency: 10 in the
wavel engt h range descri bed. Here again, the conononers preferably used are
~styrene, substituted styrenes, vinylphenol §3 propenyl phenols, vinyl ethers,

vi-nyl esters, vinylsilyl conpounds or (neth)acrylates. Final I y opol yners
of styrene carfhe JMagewise SXPeshTR WaS car aNt; BngsTo Ro Fe k¥ mteﬁ

effFCtd anfl NCRaAsEd M Wt |dﬁtsétdridbe?l$£elqlm akahirrersal chh.%.ﬁ Etﬂﬁée
i nclude, for exanp ei ¢ an ri mal ei ¢ - ac sters oOr
ke “The oni &1 i miRyfesy oo thay amiasBoutiar hASHSRPe: uotas thRe
anolt her I]f tEld%xf&mpd aptdesmiilied im Hdangle M,Rghar aﬁpbbeds?agdsébemgtl cal
qua|tyo t r.adi.at sensitive nmixtur uant i.ty_of bin
gener al 40 to%ﬁ? %Q-E}h P’é’s’b{é’cﬁ‘ n* etf 9%‘9)9% ﬁg éﬁ? gW? r 3B y 50
to 85% by 25 clam@acgh’tntod @thamgmapﬂw potiat ing pln'essf, whereadtagave-

: more than 125,000 prints of excellent quality.
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'~ should be | ess than O.

| = éf)p'r opri ate, dyes, pignents,
pl asticizers, wetting agents, and al so pol ygl ycols and

" sensitive mxture. The extinction gkﬁthe bi nder or of: the conbi nation of
hi nders (a) in the wa¥t ﬁﬁiimmﬁmﬁjd the sensitivity of conpound (b)
I
cel lu- lose 224&O23 for exanpl e ethylcellul ose, can al so BPraddad@.t 998

radi ati on-sensitive mixtures according to _ [err] =~ - 31 - WLhBri-ByeWfi on
to i nprove special requirenents, s#cgeaé H gx': gi lity, adhesion and gl oss.
When a substrate is to be coated, -sensitive m xture according

to the invenfli.on ias compeiinghtdfy thes-formula I

r3 r2
I 1 | (1)
[-CH-0~R*-¥-N-]

5 in which _
R? is an alkylene, cycloalkylene, alkenylene,
alkynylene or arylenebisalkyl group, in which
one or more aliphatic CH; group(s) can have
" been replaced by oxygen or sulfur atoms,

10 " R? is an alkyl, alkenyl, alkynyl, cycloalkyl,
alkoxyalkyl, aryl, aralkyl or aryloxyalkyl
radical,

R?® is an alkyl or aryl radical,
X is one of the groups -CO-, -0-CO- or -NH-CO- and
15 n is an integer greater than 1.

2. A compound as claimed in claim 1, wherein R®* is an
alkylene, alkenylene or alkynylene group having 2 to

18 carbon atoms, in which 1 to 3 CH, groups can have

been -replaced by oxygen or sulfur atoms, a cyclo-

20 alkylene group having 4 to 18 carbon atoms, an
aralkyléné group having '7 to 18 carbon atoms or an
arylenebisalki(l- droup having 8 to 18 carbon atoms.

3. A compound as claimed in claim 1, wherein R? is an
alkyl radical having 1 to 12 carbon atoms, an
25 alkenyl or alkynyl radical having 2 to 12 carbon
atoms, an alkoxyalkyl radical having 3 to 12 carbon
atoms, a cycloalkyl radical having 4 to 12 carbon
atoms, an aryl radical having 6 to 12 carbon atoms,
an aralkyl radical having 7 to 12 carbon atoms or an
30 aryloxyalkyl radical having 8 to 12 carbon atoms.

4. A compound as claimed in claim 1, wherein n is an

R




&

5 solved in a solvent; or in a conbination of sol vents. Ethﬁlene gl ycol ,

et hyl ene gl ycol nononethyl ether, ethylene glycol dimet Al Sheptkias Be cedhe
gl ycol nonoet hyl ether or propyl ene gl yed5 fonoal kyl eth i
propyl ene glycol nethyl ether, aliphatic esters (for 10 yl
acet at e, hydroxyet%&?g%%%tg¥%w Ikgxgéthyi acetate, n-butyl acetate,

propyl ene glycol alkyl ether- acetate, especially propylene glycol nethyl
et her-acetate or I etate).,.. ethers (for_exanpl e dioxane), .ketones (for
exanpl e met hyl* etﬁgrrfgﬁﬁﬁ e 1§3bu?§Fgﬂ5?oﬁ§P'IB conkfﬂgﬁdpéﬁfanone
and cycl ohexanone)egsseaitbahyddmspbmemts di net hyl acet am de,

hexanet hyl phosphoram de, N-nethyl- pyrrolidone, butyrol actone,

tetrahydrofuran and m xtures thereof are particularly suitable for this
purpose. 4 ycol etlf)s,2akinday c whdcdy signdirepdnbdesr dnpayetes- avd

larly greferred. U timd&lobld hevehaie 1dadthe s VR Fe dependeqidbud e
alkaline solutions,
(b) a compound which generates a strong acid under
the action of actinic radiation and
(c) a compound which has at least one acid-cleav-
10 able C~0-C bond and whose acid cleavage
products are more readily soluble in aqueous
~alkaline solutions than the compound itself,

wherein the acid-cleavable compound (c¢) is a com-
pound as claimed in any of claims 1 to 4.

15 6. A radiation-sensitive mixture as claimed in claim 5,
wherein the compound (b) is sensitive to light of a
wavelength from 150 to 550 nm. ’

7. A radiation-sensitive mixture as claimed in claim 5,
which contains the compound (c) in a concentration
20 from 1 to 60% by weight.

8. A radiation-sensitive mixture as claimed in claim 5,
wherein the binder (a) has an extinction of 1less
than 0.5 pm in the wavelength region of the sen-

sitivity of compound (b).

25 9. A radiation-sensitive mixture as claimed in claim 8,
wherein the binder is a polymer having phenolic

hydroxy groups.

10. A radiation-sensitive mixture as claimed in claim 8,

wherein the binder contains a mixture of various
30 polymers having phenolic hydroxyl groups.

RN e
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=~ coating process used, on the desired |ayer thickness and on the drying
. fonditions. The solvents nust al so be emcally neutral, i.e. they nust
- not react i rreversi bly 25 with the other |ayer conponents. The solution

pr epar ed W|tht .ds.o vent s S onte ommSto
60% by wei ht e’?%r J‘ymiﬁps ns%%f)'% m?;\xe{lﬁ*% gl'leL—l ?\iat%?'ﬁ ed ﬁlté ?%?/gﬁtlmbn al so
rel ates tovmmadlcammns%(the bigeder t{ak xmc@rmm@enﬁrénw fFPBh i s
conposed e Yo td!?"i %}ﬂf geﬂjpstrate and, | ocated thereon, a radiation-

sensitive layer Yhdiation-sensitive mixture accordi ng to the
I nvention. Possi bl e_substrates are all those materials of which [err]

12. A radiation-sensitive mixture as claimed in claim 5,
5 which contains the compounds (b) in a concentration from
0.2 to 25 % by weight. ' '

13. ‘A radiation-sensitive mixture as claimed in claim 5,
wherein the compound (b) generates a sulfonic acid on

photolysis.

10 14. A radiation-sensitive recording material comprising a
layer support and a radiation-sensitive layer, wherein the
layer is composed of a radiation-sensitive mixture as

claimed in any of claims 5 to 13.
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~ 32 - capacitors, sem ¢onductors, nultl-layer printed tircuits or
Llntegrated circuits are conposed.or fromWwhich these can be produced.

e Silicon subs9}4K@23which can al so be thermal Iy oxi dagesliang/ojoggated with
~alum num and also 5 doped, nerit special nentlnn_pfnpaddftlon al

=~ other substrates usual in sem conductor technology are pos- sible, such as

silicon nitride, galliumarseni de and indi um phosphi de. Mbreover, the

substrates lawstractonfi theddisytosurdespl ay manufacture are possible, such

as, 10 for exanple, glass and indiumtin oxide and al so netal plates

and foils - for exanple of al um num copper and 2|nc bi et al f0|ls and

trimetal ) V& 8 S ] Lo

metal s have Hﬁ&&r il REﬁkéed oﬁ% in3ng - tﬁﬁﬁéﬁ S Mo '%ﬁi@%ﬁve 15

been thermal Ty pretrr supe t X ruguene Incl-_prently ched

or, to inprd&se ta ced with this mixture

Compounds of the formmla I

g3 R2
| 1 | (1)
[~CH-0~RI-X-N-],

are proposed, in which

R' is an alkylene, cycloalkylene, alkenylene,
alkynylene or arylenebisalkyl group, in which one or -
more aliphatic CH, group(s) can have been replaced
by oxygen or sulfur atoms,

R? is an alkyl, alkenyl, alkynyl, cycloalkyl, alkoxy-
alkyl, aryl, aralkyl or aryloxyalkyl radical,

R? is an alkyl or aryl radical,

X is one of the groups ~C0O-, ~-0CO- or ~-NHCO- and

n is an integer greater than 1, especially from 3 to
50.

The compounds are cleavable by acid and, in combination
with photolytic acid donors and alkali-soluble binders,
are constituents of positive-working mixtures which are
used especially in recording materials for UV radiation
and high-energy radiation. The materials are distin-
guished by a high resolution in conjunction with high

image contrast.
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exanpl e to enhance the hydrophilic character, pretreated with chem cas. To
I npart better cohesion and/or better adhesion of the 20

radi ation-sensitive layer to the substrate sur flace REPhRCERERIT SBREEONT I
an-adhesi on pronmoter. In the case of silicon o ggj{}igg;_ﬁpgyip%_,gfﬁge"&ma hesi gn

promoters of the am nosilane type such as, for |eganplf) 3- ahlNARL0DY I
ethoxysilane or hexanethyldisilazane, can be ugeg FoL,:2og ...t 'S DUt
- Suitable supports for the production of phot Q;?[ Lﬁgpr'%n‘ y
such as printing forns for letterpress printing, planograp "‘%f”ﬁ‘gr 't
screen printing and flexographic printipg, arefin particular alunmnum
pl ates, 30 whi ch. may have been anodical |y axiMize@F BESHIRY .84 %x.....
silicated beforehand, and al so zinc and steel plates which may be

chrom umpl ated, and also plastic filns and paper.

Acid-cleavable compounds, positive-working radiation-
sensitive mixture containing these, and radiation-
sensitive recording material produced with this mixture

The invention relates to novel acid-cleavable N,O-acetals
and to a radiation-sensitive mixture which is positive-
working, i.e. which becomes soluble as a result of
irradiation, and which contains these compounds. Gener-
ally, the mixture contains |

(a) a binder which is insoluble in water and soluble or
at least swellable in aqueous alkaline solutionmns,

(b) a compound which generates a strong acid under the
action of actinic radiation, and

(c) a compound which has at least one acid-cleavable
C-0-C bond and is convertible by cleavage into
‘products having an enhanced solubility in aqueous
alkaline solutions.

The invention also relates to a radiation-sensitive
recording material which has been produced with this
mixture and which is suitable for producing photoresists,

electronic components, printing plates or for chemical
milling. o

To produce microelectronic circuits, several lithographic
techniques are currently being used. Using g-line litho-
graphy (436 nm), which is usually applied to conventional
diazonaphthoquinone/novolaik formulations, resist images
with a resolution of down to 0.8 pm can be produced.
Images of even finer structures (down to 0.5 pm) Qn' a
.resist layer can be obtained by means of i-line litho-
graphy (365 nm). More recent modifications of i_—line
lithography, such as, for example, phase-shifting mask

“This is the replacement shest
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The recording material according to the invention is 35 exposed

| mgewi se to actinic radiation. Wthin the scope of this description,
actinic radiation is to be This Sheet Has Been Repl aced [err] - 338 -
understood as any radi ati on having an energy at |east corresponding to that
of short-wave visible light. Suit- able radiation sources are especially
metal halide |anps, carbon arc |anps, xeéhon | anps and nercury vapor | anps.

5 - Likew se, exposure can be carried out w {th high-gner radi qti on such
as | aser radi E?FBH,B?B%CV? P ek rdhes. rFﬁVEF"PB\AégngeI 3%% ?aAﬁi can

emt |ight ofstaruatveresgtdf fwniah Ionages28@ennp becformpdei night xdavon | anps
and to about 0.35 um or less. An even higher resolution can
be achieved with UV2 photoresists. In this case, two
irradiation techniques are used: UV2 wide band exposure

(240 to 260 nm) or exposure with KrF-excimer lasers which
emit at 248 nm. |

The continuing reduction in the size of the structures,
for example in chip manufacture down into the range of
less than 1 pm, requires modified 1lithographic tech-
niques. To form images of such fine structures, radiation
of a short wavelength is used, such as high-energy UV
light, electron beams and X-rays. The radiation-sensitive
mixture must be adapted to the short-wave radiation. A
compilation of <the requirements to be met by the
radiation-sensitive mixture is given in the article by
C.G. Willson "Organic Resist Materials -~ Theory and
Chemistry" [Introduction to Microlithography, Theory,
Materials, and Processing, editors L.F. Thompson,
C.G. Willson, M.J. Bowden, ACS Symp. Ser., 219, 87
(1983), American Chemical Society, Washington]. There was
therefore an increased demand for radiation-sensitive
mixtures which can be used in the more recent tech-
nologies, such as mid-UV or deep~-UV lithography
[exposure, for example, with excimer lasers at wave-
lengths of 305 nm (XeF), 248 nm (KxF), 193 nm (AxF)], .
electron beam lithography or X~ray lithography, and
which, furthermore, are preferably sensitive in a wide
spectral range and correspondingly can also be used in
conventional UV lithography.

Positive-working radiation-sensitive mixtures for pro-
ducing radiation-sensitive recording materials are known.
Mixtures which contain o-quinone-diazide derivatives in
binders soluble in aqueou's alkaline _m_edia, for example
novolaks or polyhydroxystyrenes, are commercially avail-
able. However, the sensitivity of these materials to
actinic radiation, and especially high-enerqgy short-wave

This is the replacement shee
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mercury vapor |lanps, are particularly preferred. Further- 10 nore, | aser
| i ght sources can al so be used, for exanple exciner |asers, especially KrF
or ArF lasers, which emt at 248 and 193 nmrespectively. The radiation
sour ces nust shOM/adequate em ssion in the said wavel ength ranges. 15

The thickness of the light-sensitive hayer depends on the intended use. In
general it is between 0.1 and 100 [err], preferably 1 and 10 [err]. The

i nventi on alasidatdloal,esuth asplOgRS SEdant apmd'ueixagmerr basék i ARSI tive

recording WRLeLedengthCotadhd! bfilor %)lectro?teﬂankveJ.@ | KR bl 0¢ appl | ed

to the substrate by spra i ng, OW- coat I ng, coating and
di p- coating. The solvent is then renoved by evaporatlon so that the
radi ati on-sensitive |ayer remains on the surface of the substrate. The

removal of ﬂo@%TﬁQJﬁ-%Ek&% &% A%t ion-BEREPE 80 P RERALLEY L0 JAVST O

t enper at ur €s
own in which an acid is generated by the action of

actinic radiation on a photoinitiator contained in this
nmixture and this acid th'en, in a subsequent reaction,
- rendexrs an acid-cleavable compound likewise contained in

the mixture soluble in the irradiated areas under the

action of an appropriate, preferably aqueous alkaline
developer. Such materials are in general distinguished by
- an enhanced sensitivity to actinic radiation.

Numerous mixtures of acid-cleavable, solubility-
inhibiting compounds are known, which always contain a
small quantity of a photolytic acid generator, whose
acidic photolysis product initiates the cleavage. These
mixtures, some of which have high sensitivities to
actinic radiation, are designated as chemically
amplified, photocatalytic 3~-component systems since they
contain, as essential constituents, a polymeric b;nder
soluble in aqueous alkaline solutions, in most cases a
novolak resin, a photoactive compound and a solubility
inhibitor.

Amongst these mixtures, especially those have gained a
certain cémmercial importance which contain either
monomeric or oligomeric acetal units as the acid-
cleavable COmponents. These - mixtures have, however,
certain disadvantages since they possess only a limited
stability on the substrate materials to which they have
to be applied, and lead to unsatisfactory, not repro-
ducible images of the original, and this can be improved
only by introducing additional protective layers, for
example according to DE-A 3,621,376 (= US-A 4,840,867).
Furthermore, it can be observed generally that the
process window, i.e. the processing latitude, for the
exposure of these mixtures is very narrow and frequently
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150C. The m xture can, however, also be first applied in the abovenenti oned
way to a tenporary support, fromwhich it is transferred under pressure and
at an elevated tenperature to the final support material. The materials 30
“used as tenporary support can in principle be all those which are also
suitable as support nmaterials. Subsequent ly, the layer is irradiated

| mgew se. The | ayer is then treate‘d 4ith a devel oper sol utlon whi ch

di ssol ves and renpves the irradia reas .of the |a so that an

i mage of tMR® o‘r‘ﬁ“@’f‘hh‘?“ﬁ‘é%hy i ﬁe?’ﬁ% dhich Ap a'f%f)’h ’P%’Mﬁ?ﬁt%n t he
substrate susébfein|[vnsitisfactary =prodictidme|abheorsiginalsspeln al |y

aqueous SOpALtPES1ar, the quality of the image reproduction greatly
depends on the time difference between exposure and
development, the so-called delay time. The reasons for
the deterioration in image reproduction are not known in
detail or have been investigated only inadequately. In
principle, it must be assumed that diffusion processes
which cause this behavior are not easily controllable. In
addition, however, it may be presumed that, during drying
of the mixture on a substrate material, partial
vapdrization of the photoinitiator or of the acid-
unstable compound or segregation of the individual
mixture constituents takes place, which is observed with
particular frequency in the case of acid-unstable com-
pounds having a low solubility in the usual coating
solvents.

The decisive disadvantage of the known compounds contain~
ing acetal groups is, however, the fact that the
solubility differentiation, resulting from  their
cleavage, between exposed and unexposed image areas is in
general inadequate. The cause of this probably is that
eithexr the acetal derivative used as solution inhibitor
‘has an insufficient inhibiting'property and, in imagewise
differentiation, in addition to the exposed image areas
those aréas are also severely attacked and removed which
were not exposed, or that the exposed areas do not have
a solubility sufficient to permit an imagewise differen-
tiation during development. The problem can be summarized
by saying that it is not possible using the known com-
pounds to provide a material which causes a sufficiently
large solubility difference betwéen‘exposed and unexposed
areas. Whereas this effect is in general still acceptable
in the case of the novolak resins used according to the
state of the art, it is observed, when other polymers are
used, that the known acetal derivatives virtually no
longer show any inhibiting action and thus no longer
permit an image differentiation as required in practice.
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whi ch contain silicates, netasilicates, hydroxides, hydrogen phosphates and
di hydrogen phosphates, carbonates or hydrogen carbonates of al kali netal
ions, alkaline 5 earth nmetal ions and/or anmoniumions, and al so
amonia and the Iike. Metal ion-free devel opers are described in US-A
4,729,941, EP- A 0, 062, 733, US- A 4,628,023, US-A 4,141,733, EP-A
0,097,282 and EP-A 0, 023, 758. The cont &nt of these substances in the

devel oper soI ution is 10 %tengral 0.1 to 15%Db é g{eferably
0.5 to 5% byhGERghis r@%ﬁ%f\fgeto e’ﬂ%’?‘bht oF Fragif ?78?0 %?S Y®ion.
Pr ef er abl y, miktakesomhiiche dieviebiopshew atke udbsladﬁmmtage]sladescrﬂsecbf a

wetting 206abotan BBYEERECA O8EHLr oy NAARKAIORS! BrabRiBEdghat oy fact | tate

t he detachnent o e “ar eas o the Iayer oped
| ayer strucPBr&icudaThe BRERLIHA ARk INEGRELI5Q é’f"ffgﬁréd‘tllﬁtéeﬁerw by
heati ng on eochbiiphtienupith ahéempst adiverdre |matdihe p‘dlgmetr:errperature and

subsequent

It was the object of the invention to propose novel acid-
cleavable compounds and a radiation-sensitive mixture,
which contains these compounds, of the generic type
described at the outset. The novel acid-cleavable com-
pounds c) should have a sufficient reactivity on the one
hand and a stability meeting the needs of practice on the
other hand. Futthermore, they should form homogeneous
mixtures with the most diverse matrix polymérs and, in
the unirradiated form, should act as an efficient solu-
tion inhibitor, while their cleavage products should
assist the developability of the exposed areas in aqueous
alkaline developers. The mixture containing the acid-
cleavable compounds should also be as stable as possible
both in solution and on the substrates used in practice,
and allow a differentiation between exposed and unexposed
areas, which permits the highest possible resolutions
with virtually perpendicular flanks. Furthermore, a
radiation-sensitive mixture was to be provided which,
especially, largely avoids segregation of the compound
'(b) and of the solubility-differentiating compound (c)
and thus 1likewise allows an enhanced differentiation
between image areas and non-image areas.

According to the invention, acid-cleavable compounds of
the formula I

are proposed, in which

R} is an - alkylene, cycloalkylene, alkenylene,

This is the replacement shee:
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exposure of the whole area to the UV light froma xenon- 20 mer cury
vapor - lanp (range from 200 to 250 nn). As a result of the post-hardening,
the image structures are crosslinked, so that in general they have a fl ow
résis- tance up to tenperatures of nore than [err]. The post- hardeni ng can
-al so be effected without a tenperature 25 I ncrease solely by
irradiation with high-energy UV light. The radiation-sensitive m xture

aceordi ng to the a1ny1enie0Bri xryt8Hebisd NG PIRGUE, | YheRkinNbRET 8k ed
circuits or .of indivi Lﬁg{ﬁ eltectr e conEoFents gg I h%hogr aghic gr 0-
cesses. The devePSF&l P& Hcaﬁ'ﬂ HEPRP LR} 881 gRa¥e [Regi3gePLaced, e
subsequent procedy sxgen Braspléuroptemeh steps are etching of the |ayer
support, the2i npliantat i LNaAf, 10Ny, Raxydyer, &?emeanwn,ta@kakfci pitation
of netals or other terials an 51‘% Iaxer Sf(?)&?al‘ . Exa Iga?dl to 17 which
fol I ow il ustrat &P s FEasi FFF; 3 or apy Hixd FA 8- ding to the
i nvention f & redsr dim@lkyl or aryl radical, _

X is one of the groups -CO~, -0-CO- or -NH-CO-~ and

n is an integer greater than 1.

Those compounds of the formula I are preferred in which

R! is an alkylene, alkenylene or alkynylene group
having 2 to 18 carbon atoms, in which 1 to 3 CH,
groups can have been replaced by oxygen or sulfur
atoms, a cycloalkylene group having 4 to 18 carbon
atoms, an aralkylene group having 7 to 18 carbon
atoms or an arylenebisalkyl group having 8 to 18
carbon atoms,

R? is an alkyl radical having 1 to 12 carbon atoms, an
alkenyl or alkynyl radical having 2 to 12 carbon
atoms, an alkoxyalkyl radical having 3 to 12 carbon
atoms, a cycloalkyl radical having 4 to 12 carbon
atoms, an aryl radical having 6 to 12 carbon atoms,
an aralkyl radical having 7 to 12 carbon atoms or an
aryloxyalkyl radical having 8 to 12 carbon atoms,
and

n is an integer greater than 3.

.Those compounds of the formula I are particularly pre-
ferred in which

R? is an unbranched or branched alkylene, cycloalky-
lene, cycloalkylenedialkyl, alkenylene or alkynylene
group having up to 8 carbon atoms, wherein a carbon
atom may have been replaced by an oxygen or sulfur
atom, or an arylenedialkyl group having 8 to 12
carbon atoms, ' '

R? is an alkyl, alkenyl, alkynyl, cycloalkyl or alkoxy-
alkyl radical having up to 6 carbon atoms or an

This is the replacomen gher
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“materials in mcrolithography, using radiation of very [err] - 35 -
di verse energy. The superiority of the m xtures according to the invention
over the state of the art is denon- strated by reference to the conparison
~exanples 18 to 21. Exanples 22 to 24 docunent the applicability of the 5
m xture in printed circuits and pl ahagraphic printing plates. In the
exanples, the quantities are as a rule stated as parts by weight (p.b.w).
Unl ess ot her wi 8&Ydvapsylapkydenragey FoEuaBdsy arch ek itagtinge 7r i os are to
be 10 undenst e@ebadn Beomg,in weight units. Exanple 1

R? is an alkyl radical having 1 to 6 carbon atoms, an
unsubstituted or substituted mononuclear or
polynuclear aryl radical having 6 to 12 carbon
atoms, and

n is an integer between 3 and 50.

Those compounds of the formula I are very particularly
preferred in which

R is an unbranched or branched alkylene group having
2 to 4 carbon atoms, '

R? is an alkyl, alkenyl, alkynyl or cycloalkyl radical
having up to 6 carbon atoms and

R? is an alkyl radical having 1 to 6 carbon atoms or an
unsubstituted or substituted six-membered aryl
radical.

In detail, amongst. the particularly preferred compounds,
the radical R® can, for example, have the following
meanings:

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
n-hexyl, phenyl, 4-acetylaminophenyl,:4-acetoxjphenyl, 3~
and 4-benzyloxy-phenyl, 3-benzyloxy-4- and 4-benzyloxy-
3-methoxyphenyl, biphenyl-4-yl, 3,5-bis-trifluoromethyl-
phenyl, 2-, 3- and 4~fluorophenyl, 2-, 3- and 4-chloro-
phenyl, 2-, 3- and 4-bromophenyl, 4-iodophenyl, 2-~, 3-
and 4-cyanophenyl, 2-, 3- and 4~methyl-, -ethyl-,
-propyl-, -isopropyl-, -butyl-, -isobutyl-, -t-butyl-,
-pentyl-, -hexyl-, -cyclohexyl-, -nonyl- and -dodecyl-
phenyl, 2-~, 3- and 4-methoxy, -ethoxy-, -isopropoxy-,
-butoxy~-, -pentyloxy-, -octyloxy- and -decyloiyphenyl,
2,3-, 2,4~, 2,6-, 3,4~ and 3,5~difluoro-, -dichloro- and
~ -dibromophenyl, 3~(3,4-dichlorophenoxy)-phenyl,
3-(3,5~dichlorophenoxy)-phenyl, 3-bromo-4-fluorophenyl,
5-bromo-~2,4~-dimethoxyphenyl, 2-chloro-6-fluorophenyl,
2-chloro-5-, 2-chloro~6-, 4-chloro-3- and 5-chloro-
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- A coating solution was prepared from7.5 p.b.w. of a cresol/formal dehyde

novol ak having a softening range from 105 to 120C, 15 2.0 p.b.w. of
Conmpound 1 and 0.6 p.b.w. of [err] diazonethane in 42 p.b.w  of
propyl ene glycol nononethyl ether- acetate. 20 The sol ution was

filtered through a filter of 0.2 pm pore dianeter and whirler-coated at
3,200 rpmonto a wafer treated with amg adhesi on pronoter

(hexanet hyl di si | azane). After drying for 1 minute at [err] on the hotplate,
a layer thi Zrpbtsophenyl, pm dmbé4obh ke rrpherxiey ) -piEnylnecordihdimt eri al was

exposed i negeEPEoxysied %11 origiBal, togzfhe radigjson of zagxenongpercury
vapor |anp at 3 5 an

en of 8 err To o] Jete the cleavage
of the solufonln }tl)o’f%r ’e%h?%? ’al‘gﬁg ’ly nd “&ine

phenyl, 2 4-dlmethoxy-3—methylphenyl 2-ethoxy—
5-methoxyphenyl, 3-chloro-4-methylphenyl, 2,4~ and
2,5-dimethylphenyl, 2-(2-methoxyethyl)-,
2-(2-ethoxyethyl)- and 2-(2—butoxyéthyl)-phenyl,
3-(2-methoxyethyl)-, 3-(2-ethoxyethyl)- and 3-(2-butoxy-
ethyl)-phenyl, 4-(2-methoxyethyl)-, 4-(2-ethoxyethyl)-
and 4-(2-butoxyethyl)-phenyl, 2,6-dinitrophenyl, 2,4,6-
trimethylphenyl, 3,4,5-trimethoxy- and -triethoxy-phenyl,
2,3- and 3,4-methylenedioxypheny1! 2- and 3-thienyl,
2-fluorenyl, 9-anthryl, S-bromo-2-thienyl, 3-methyl-
2-thienyl, S5-methyl-2-thienyl, 5-n1trofuryl, 10~chloro-
9-anthryl and ferrocenyl.

These radicals are preferred particularly for the reason
that the starting compounds on which they are based are
commercially available. They can also be selected under
aspects other than optical, i.e. care should be taken
that the absorption of the prepared N,O-acetal according
to the invention in the wavelength range of the radiation
used is kept as low as possible. Further starting com-
pounds are accessible in‘a simple manner.

The preparation of the compounds according to the inven-
tion of the formula I can be carried out by methods known
per se via a multi-stage synthesis. This requires the
provision of suitable alcohols which contain amide,
urethane or urea groups and whose preparation is
described below. These are reacted in a subsequent step
with suitable monomeric acetals or acetal precursors, for
example according to EP-A 0,312,751. The synthesis is
illustrated below by reference to some examples according
to the invention. P.b.w. means parts by weight.

Preparation Example 1
lst stage: 59.1 p.b.w. of n-propylamine were added to
88.1 p.b.w. of ethylene carbonate. The mixture warming up
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s

heated for 1 mnute to 60C. 30 The recording material was devel oped
usi ng the devel oper of the follow ng conposition: This Sheet Has Been

Repl aced [err] -36- 5.3 p.b.w. of sodiumnetasilicate x 9 H20, 3.4

p. b.w. of trisodium phosphate x 12 [err], 0.3 p.b.w of sodium di hydrogen
phosphate and 191 p.b.w of deionized water. 5 After a developing tine
of 60 seconds, this gave a defect-free _inmuge of the mask with steep resist
fl anks, structures of < 0.55 [err] al'so being resolved in true detail. An

exam nat i QRsOfstliheed FIeS Pl 'RSIAI°C and distilled in vacuo.

Colorless oil which distils over at 102 to
105°C/0.06 mm Hg (2-hydroxyethyl N-propyl-carbamate).

2nd stage: 15.2 p.b.w. of benzaldehyde dimethylacetal, -
prepared by acetalization of benzaldehyde and methanol,
were heated under reflux with 29.4 p.b.w. of the
urethane-alcohol described in 200 p.b.w. of toluene in
the presence of 0.2 p.b.w. of p-toluenesulfonic acid.
From time to time, the toluene/methanol mixture formed
was distilled off until, after about 6 hours, the top
temperature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled
off in a rotary evaporator and the remaining residue was
condensed in a high vacuum (0.01 mm Hg) at 200°C. This
gave an oligomeric compound of the formula I in which R,
is an ethylene group, X is the group -0-CO-, R, is an n-
propyl group and R, is a phenyl group (Compound 1).

Preparation Example 2 ,

. Compound 1 was also obtained by the following route:
15.2 p.b.w. of benzaldehyde dimethylacetal were mixed
with 14.7 p.b.w. of the urethane-alcohol described above
and, ‘after addition of 0.2 p.b.w. of p-toluenesulfonic
acid, slowly heated to 160°C. The methanol formed was
distilled off. After about 2 hours, a vacuum (0.01 mm Hg)
was applied, and the mixture was heated to 200°C. The
mixture was exposed for a further 2 hours to these
conditions. A highly viscous o0il remained whose bro-
perties were virtually identical to those of Compound 1.

Preparation Example 3
Compound 1 was also obtainable by the following route:

15.2 p.b.w. of benzaldehyde dimethylacetal, prepared by
acetalization of benzaldehyde with methanol, were heated
under reflux with 29.4 p.b.w. of the urethane-alcohol
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profiles by neans of scanning el ectron m croscopy proved 10 t hat these
were aligned virtually perpendicular to the substrate surface. The contrast
was 3.8. The contrast of a positive resist, [err], is defined as [err]
where [err] is the irradiation dosage at which the devel oper 15 starts
"to attack the exposed film and [err]l i¢ the resist space point (= resist
sensitivity). An accurate des- cription of this paraneter has been given in
the articl e desdrifbedlhignpEompkel M in Bdwpnb wRes¢§t téieergsingthe

calted by CHEoWITSar R ESRk, On Ro ol BheR ity pubiroo 18,
164 et seq. {ARB3FO Eﬁ'ﬁ‘?i'céﬁ‘eCh'é‘rhT e/gethanel \RESHHS ofS® %(aﬁﬁﬁe 2 A
coating sol wiistilias] ppEhHanweiX ; caftdr about/.® howrsy, tbhé tep tem-
styrene/p- h%m&’,rggﬁaiﬁgamégﬁtant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After concentrating the solvent, an oily
residue remained which was réprecipitated from hot
diisopropyl ether. On cooling, white crystals having a
melting point of 54.5°C crystallized out of the solutionm.
With stirring, 19.1 p.b.w. of these crystals were slowly
heated to 160°C with 7.6 p.b.w. of benzaldehyde dimethyl-
acetal and 0.2 p.b.w. of p-toluenesulfonic acid. The
methanol formed was distilled off. After about 2 hours,
a vacuum (0.01 mm Hg) was applied, and the mixture was
heated to 200°C. The mixture was exposed to these con-
ditions for a further 2 hours. A highly viscous oil
remained whose properties were virtnally identical to
those of Compound 1.

Preparation Example 4

l1st stage: 101.2 p.b.w. of n-hexylamine were added to
88.1 p.b.w. of ethylene carbonate. The mixture warming up
was stirred for 5 hours at 70°C and distilled in vacuo. °
Colorless oil which disi:ils over at 117 to
119°C/0.05 mm-Hg (-2-hydroxyethyl N-hexyl-carbamate).

2nd stage: 19.6 p.b.w. of piperonal dimethylacetal were
heated under reflux with 38.0 p.b.w. of the urethane-
alcohol described above in 200 p.b.w. of toluene in the
presence of 0.2 p.b.w. of p-toluenesulfonic acid. From
time to time, the toluene/methanol mixture formed was
distilled off until, after about 6 hours, the top tem-
perature remained constant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled
off in a rotary evaporator and the remaining residue was
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(rmol ar ratio 20:80) having a nean nol ecul ar wei ght of 32,000, 2.0 p.b.w
of Conpound 2 and 0.5 p.b.w. of a,a-bis-(4-tert.-butyl-benzenesul fonyl)-
30 di azonet hane in 42 p.b.w. of propylene glycol
nononet hyl ether- acetate. This Sheet Has Been Re |aced [err] - 37 -
The solution was filtered through a filter of 0.2 [err] pore dianmeter and
“whirler-coated at 3,000 rpmonto a wafer treated with an adhesi on pronoter
(hexanet hyl di sil azane). After drying £&r-1 minute at 100C on the hot pl at e,

a condensed in a high vacuum (0.01 mm Hg) at 200°C. This
gave an oligomeric compound of the formula I in which R,
is an ethylene group, X is the group -0-CO-, R, is the
n-hexyl group and R, is the 4-piperonyl grbup
(Compound 2). |

Preparation Example 5 _
1st stage: 73.1 p.b.w. of i-butylamine were added to
88.06 p.b.w. of ethylene carbonate. The mixture warming
up was stirred for 5 hours at 70°C and distilled in
vacuo. Colorless oil which distils over at 101 to
104°C/0.06 mm Hg (2-hydroxyethyl N-isobutyl-carbamate).

2nd stage: 18.6 p.b.w. of 4-chlorobenzaldehyde dimethyl-
acetal were heated under reflux with 32.2 p.b.w. of the
urethane-alcohol described -above in 200 p.b.w. of toluene
in the presence of 0.2 p.b.w. of p~-toluenesulfonic acid.
The toluene/methanol mixture formed was distilled off at
intervals until, after about 6 hours, the top temperature
remained constant at 110°C over a prolonged period. The
mixture was cooled down and washed with dilute sodium
hydroxide solution and then with water until neutral.
After drying, the toluene was evaporated off and the
remaining residue was condensed in a high vacuum
(0.01 mm Hg) at 200°C. This gave én oligomeric compound
of the formu1a;I_in,whicﬁ R, is an ethylene group, X is
the Qroup -O-CO-,IQ an i-butyl group and R, is a 4-chlor-
ophenyl group (Compound 3).

Preparation Example 6
1st stage: 21.3 p.b.w. of propyl isocyanate and 25 p.b.w.
- of diethyl ether were added dropwise at room temperature
to 20.6 p.b.w. of aminopropanol in 250 p.b.w. of diethyl
ether and 25 p.b.w. of isopropanol. The product which had
precipitated was filtered off with suction. (N-(3-Hy-
droxypropyl)-N’-propyl-urea, white powder, melting point
76°C). ' '
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5 | ayer thickness of 1.12 pmwas obtained. The recording material was
exposed i magewi se under an original to the radiation of a xenon-nercury
vapor |lanp at 260 nmwith an energy of 92 [err] and then heated for 1
mnute at 65C. It was then processed using an aqueous 10 devel oper which
contai ned 2.38% of tetranethyl amoni um hydroxi de. After 60 seconds, this
gave a defect-free i mage of the mask #th high flank stability. -A contrast

e o B st o TS o W NP AL Eon A ] Ve
from?7.5 p.vene lnéa'eeqbahxyﬁqmyrneﬁluhuithnﬁbnﬁt pabr vyl abg) tiheviuxgazx soft eni ng
range from g,y &ahlé‘ei%n%éh Qaﬂbx)@ % LB, 3@%&%“ i theP- b-w. - of
2= (4-ethoxy D P 6.8 L 8.9 Py T s ot e, B35 e 1N

time to time, the toluene/methanol nixture formed was

distilled off until, after about 6 hours, the top

temperature remained constant at 110°C for a prolonged

period. The mixture was cooled down and washed with

dilute sodium hydroxide solution and with water until

neutral. After drying, the toluene was evaporated off and

the remaining residue was condensed in a high vacuum

(0.01 mm Hg) at 220°C. This gave an oligomeric compound

of the formula I in which R, is a propylene group, X is

the group -NH-CO~, R, is an n-propyl group and R; is a

phenyl group (Compound 4).

Preparation Example 7 ,
1st stage: 139.1 p.b.w. of butyl isocyanate were added
dropwise to a mixture of 200 p.b.w. of ethylene glycol
and 0.5 p.b.w. of diazabicyclo[2,2,2]octane in 200 p.b.w.
of tetrahydrofuran. The mixture warming up was stirred
for 5 hours at 70°C and distilled in vacuo. Colorless oil
- which distils over at 110 to 112°C/0.03 mm Hg (2-hy-
droxyethyl N-butyl-carbamate)

2nd stage: 19.6 p.b.w. of. piperoné:l dimethylacetal were
heated under reflux with 32.2 p.b.w. of the urethane-
alcohol described above in 200 p.b.w. of toluene in the
presence of 0.2 p.b.w. of p-toluenesulfonic acid. At
intervals, ' the toluené/methano_l mixture formed was
distilled off until, after about 6 hours, the top tem-
perature remained cohstant at 110°C for a prolonged
period. The mixture was cooled down and washed with
dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was distilled:
off and the remaining residue was condensed in a high
vacuum (0.01 mm Hg) at 200°C. This gave an oligomeric
compound of the formula I in which R, is an ethylene
group, X is a group -0-CO-, R, is an n-butyl group and R,
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42 p.b.w. of propylene glycol nononmethyl ether- acetate. The
solution was filtered through a filter of 0.2 pmpore 25 di aneter and
whiTtler-coated at 3,200 rpmonto a wafer treated with an adhesi on pronoter
(hexanet hyl di sil azane). After drying for 1 minute at 1000C on the hotpl ate,
a layer thickness of 1.1 [err] was obtained. A wafer coated in this way was
I rradi ated under an 30 original wtys I-ight of a wavel ength of 405 nm
and an energy of 100 [err]. The material was then heated for 1 mnute at

[err]. Afterl@le&e[bpmm}zm¢m?ge5-t}rhegnmm H&ompiogindal5 )was obt ai ned. This
Sheet Has Been Repl aced - 38 -

Preparation Example 8

i1st stage: 73.1 p.b.w. of isobutylamine were added to
88.06 p.b.w. of ethylene carbonate. The mixture warming
up was stirred for 5 hours at 70°C and distilled in
vacuum. Colorless oil which distils over at 101 to
104°C/0.06 mm Hg.

2nd stage: 25.8 p.b.w. of 4-benzyloxy-benzaldehyde
dimethylacetal were heated under reflux with 32.2 p.b.w.
of the urethane-alcohol described above in 200 p.b.w. of
toluene in the presence of 0.2 p.b.w. of p-toluene-
sulfonic acid. At intervals, the toluene/methanol mixture
formed was distilled off until, after about 6 hours, the
top temperature remained constant at 110°C for a pro-
longed period. The mixture was cooled down and washed
with dilute sodium hydroxide solution and then with water
until neutral. After drying, the toluene was evaporated
off and the remaining residue was condensed in a high
vacuum (0.01 mm Hg) at 200°C. This gave an oligomeric
compound of the formula I in which R; is an ethylene
group, X is the group -0-CO-~, R, is a butyl group and R,
is a 4-benzyloxyphenyl group (Compound 6).

Further compounds were preparéd ina correspbnding manner
by known methods; a listing of particularly preferred
compounds for the preparation of radiation-sensitive
mixtures is given in the attached formula drawings.

Compound No. 1:

O
_-0C2Hg40 - C =N
CH

-

i
4
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[err] The experinment of Exanple 3 was repeated, but |ight of a wavel ength
of 436 nmwas used. To obtain a sharp-edged image of the original, it was
necessary to use an ex- 5 posure energy of 135 [err]. Exanple 5 A
coating solution was prepared from?7.5 p.b.w. of a styrene/naleimde
_copolynmer (nolar ratio 1:1) having a softening range from 165 10

to/[err], 2.0 p.b.w. of Conpound 3-add 6.6 p.b.w. of benzenesul fonyl -
(4-chl or obenzo diazoz: nethane in 42 p. b.w. . of propylene glycol
nmonomnet hyl ‘é‘?‘ﬁé‘?‘?"éﬂe?% iy te. The solution was filtered
through a filter of 0.2 [err] pore dianmeter and whirler- coated at 3,700 rpm

onto a wafer : o CegH
1 726713

\il'\CH/ocsz -C-N

o)

o/

Compound No. 3:

Compound No. 4:

o
. /CHZ CH(CHg),

0
i CsH,

\ﬁ /OC3H6NH—C--N\]\
CH
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treated with an adhesi on pronoter (hexanethyldisilazane). After drying for
1 mnute at [err], a |ayer thickness of 20 0. 98 pm was obtai ned. The
recording material was exposed i magew se under an original to the radiation
of a xenon-nmercury vapor lanp at 260 nmwi th an energy of 120 [err]. The
material was then heated for 2 m nut@s at 65C. 25 The recording
mat.eri al was devel oped using a 0.02 N aqueous sol ution of

t et ramet hﬁ%‘fﬁﬁﬂﬂ% fydrioxi de, the exposed areas being detached without
residue within 60 seconds. A defect-free inmage of the mask with steep

resi st flanks was obtained. The |loss inothe dark was 30 < 20 nm even
structures of < 0.6 pmj,&re reoscol xe%i ngtrl;qe/d’&‘h'i"la Thi s Sheet Has Be
| aced [err] rltatia0 - C - i
{ cH \j
0

o/

COmpound No. 6:

o

\lf\ _~0C2H40-C =N
1

CH :
d
O = CHy — Cg Hg
Compound No. 7:
O
. I _~CH3
1 - - N .
~._ _~0Cz2Hs0-C-N
i CH
CH3
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- 39 - Exanple 6 A coating solution was prepared from7.5 p.b.w. of the

copol ymer from Exanple 5, 2.0 p.b.w. of Conpound 4 and 5 0.4 p.b.w

of “4-(2-[2]furyl-vinyl)-6-trichloronethyl- 2-pyrone in 42 p.b.w. of

propyl ene glycol nononethyl ether- acetate. The solution was filtered

through a filter of 0.2 pmpore 10 - x§ anmeter and whirler-coated at 3,500

rpmonto a vv%fer treated with an adhesi on pronoter (hexanethyldisilazane).
g

After drying“PBPC¥nq; HQre8at [err], a layer thickness of 1.00 pm was
obtai ned. The recording nmaterial was exposgd i magewi se under an
. con w _-CaHg
:\ /0 2Hz40-C-—-N |
l CH \l
b J
OCH3

Compound No. 9:

o.

/°C2H40"C—N 3
CH

Ci

Compound No. 10:
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15 original to radiation froma xenon-nercury vapor lanp at 260 nmw th
an energy of 112 [err] and then heated for 1 mnute at [err]. The recording
maf eri al was devel oped using a0.02 N aqueous sol ution of

t et ramet hyl anmoni um hydr oxi de, the 20 exposed areas bei ng detached

wi thout residue within 60 seconds and &h Trmage of the original true to

det ai | bei nGonpiomindetio . Tha ;neasured contrast was about 8; the edge
steepness of the inmage was correspondingly excellent. 25 Exanple 7
A coating solution was prepared from7,5 p.b.w. of the copol yner described

in Exanple 2, 2.0 p.b,w. of Conpound il and)cg ,,palg,é/\é' quf

triphenyl sul foni um twif| uorodepAResw ¢ 3Q 7 7 fonate in 42
p.b.w. of properEEL\thﬁﬁl nmononet hyl — etker -
. L J
Br

Compound No. 12:

Compound No. 13:

0

-

L]
\t\ /003H60~ ¢ -Nﬂ\
CH |

Cl
Cl
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acetate. [err] - 40 - The solution was filtered through a filter of 0.2
[err] pore dianmeter and whirler-coated at 3,500 rpmonto a wafer treated
with an adhesion pronoter (hexanethyl disilazane). After drying for 1 mnute
“at [err], a layer thickness of 5 1.04 [err] was obtained. The recording
mat eri al was exposed i nagew se under a8 ori ginal to radiation froma

Xenon- Ner C UGy myAPR4 &M 4 260 nmwith an energy of 112 [err]. It was then

heated for 1 minute at [err]. 10 The recording material was devel oped
using a 0.27 N aqueous sol ution of tetéarret hyl anmoni u roxi de, the
[ _oc : “H2 |
HgO ~cC - =
| cH T~

Compound No. 15:

o

(|
I OCo2H40-C~N

| CH
) J

OC2H4 0C2H5

Compound No. 16:

o Ha

| 0
[ CaHy -0
\{\ /°°2”4°"°-N<}\ —Q
c
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exposed areas being detached without residue within 60 seconds and an i nage
of the original true to detail being obtained. Lines and gaps down to 0. 5
ferr] were 15 reproduced true to the mask. Exanple 8 The recording
material from Exanple 7 was irradiated with synchrotron radiati on (BESSY,
Berlin, 754 MeV) through a gold-on-silicon mask at a dosage of 120 [err].
The 20 experimental arrangenent ksibo-be found in A Heuberger,

M croelectr. Eng., 3, 535 (1985). The exposed naterial was left to lie for
30 minutes FHORRIAG Airerlhiure. After devel opment using, the devel oper
described in Exanple 7 and a devel oping time of 120 seconds, a defect-free

i mage 25 of the mask down to strygtures of < 0.4 was obt ai ned.
The contrast was deternmined to be > 8§ the),esg'sm; re virtually
per pendi cular to t pl -aﬁrosg}sgmt.ecs.uwf acy.
CH :
. 'F .
F

Compound No. 18:

. //'CH 3
. 0
r - ¢}
OC2H40 ~¢C ~ N

Tt

Compound No. 19:

Cl

(0
. It

_~0C2H4NH = C -~ NT_]
CH \l\
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Exanple 9 30 A coating solution was prepared from7.5 p.b.w. of a

f or mal dehyde/ m kr esol / p- kresol novol ak havi.ng a softening point from100 to
110C, 2.0 p.b.w. of Conpound 14 and 0.3 p.b.w  of

2- (4-met hoxystyryl)-4,6-bis-trichloro- [err] - 41 -

" methyl-1,3,5-triazine in 42 p.b.w. ,0f propylene glycol nononethyl
et:her- acetate. The solution was filtered through a filter of 0.2 [err]
pore 5 - compoahar nandaphki rl er-coated at 3,200 rpmonto a wafer treated

wi th an adhesion pronoter (hexanethyl disilazane).

_No;
0
. ]
/0C2H4O—C-N
TH
Compound No. 21:
0
- n \
~_ _~9C2H40-C~-N Br
| TH
C4q4 Hg
Compound No. 22:
' ° ~CaH
- 3T 7
/ocaﬁso—c—N/
TH
7 CaHs
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After drying for 1 mnute at 100 C, a |layer thickness of 1.05 pm was
obt ai ned. The recording materi al was exposed i nagew se under an 10
original to radiation of a wavel ength of 365 nmwi th an energy of 95 [err]
.and then heated for 1 minute at [err]. The recording material was devel oped
usi ng a devel oper of the follomﬁng comuosition: 5.5 p.b.w of sodium
netasilicat X 9 %err 3.4 p.b.w of trisodiumphosphate x 12
[err], and oppgupd fzénhydrous nmonosodi um phosphate in 90.7 p.b.w. of
dei oni zed water, the exposed areas being detached mnthout residue within 60

seconds and an inage of the original true9to det bei ng obt ai ned.
Li nes and gaps down to q 5 pn1m8re reprodﬁced 2 5the mask. Exanple 10
A coating solution was Fraie 0 .

Compound No. 24:

0O

' o
\rFCH/OCHz—CH=CH—CH20-C—Nj\

Br

Compound No. 25:

CaH
/OC4H80—C-N/- su T
[ T

s

A\

e

 This is the replacement shest

Date: 14 JAN 1997



6.0 p.b.w. of a honopolymer of 3-nethyl-4-hydroxysty- 25

rene havi ng a softening point from155 to [err] and a nol ecul ar wei ght of"
22,000, 3.5 p.b.w. of Conpound 1 and 0.1 p.b.w. of

1,2, 3-tris-net hanesul fonyl oxybenzene in 42 p.b.w. of propylene glycol
rmnorret hyl et her- - 22cetate. The solution was filtered

through a fi [err] pore [err]
Thi s Sheet Isjfaotm%gee'hd |a'2§6£, - 42 - dianeter and whirler-coated at 3,000

romonto a wafer treat ed wi th an adhesion pronoter (hexanethyldisilazane).
After drying for 1 mnute at 100C, a | ayer thbckness of 1.05 [err] was

obt ai ned. il CH
[ OCaHgSCyH 0 ~C =N °
\ / 2 714 2 40 c
s -
J

Compound No. 27:

Compound No. 28:

0

| I CgHy
//002H4OCZH4O-C-N//
?H

OCCHg4
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5 The recording material was exposed i magew se under an original to
radi ati on of a wavelength of 248 nmw th an energy of 25 [err]. The
recording material was then heated for 1 minute at [err]. The recording
net eri al was devel oped using an aqueous 10 devel oper whi ch cont ai ned
2.38% of tetranethyl anmoni um hydroxi de. Even after a few seconds, it was
possible to obtain an image true to thgzoriginal, in which even details of
<'0.5 [err] were resolved. The contrast was deternmined to be 4.5. 15
‘Exanpl e | Oa SPMRAVNGS Nger @9%0at ed as described in Exanple 10 but, in place
of the quantity of Conpound 1 indicated therein, 0.3, 0.6, 0.9, 1.2 and 1.5
p.b.w. were used. The sanples were processed %s descr'bqpﬁig Exanpl e 10.
The results 20 are showdG sy HASA 3H go af Cer ri son Exanple 21.
Exanpl e 11 \[\CH/W aHASOgH ¢

OCH, - Cg Hg

Compound No. 30:

o
~CaHz

//OCZH4002H4NH-g-N
# T
(y '

-~ S
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The m xture described in Exanple 10 was applied, exposed and finally heated
as described therein. The devel opnent was carried out using the devel oper
described therein, to 25 whi ch 10% of i sopropanol had been added.
Details down to 0.3 [err] were reproduced true to the original. The
profiles of even the smallest fracturLesqwere virtually vertical. Exanple 12
A coating solution was prepared from 30 6.0 p.b.w. of the honopol yner
t ndi cat ed i rf\bExeingat ecdiipowuhds . the aformarizo undvhlicinchdkre® sin Marlyof

4- et hyl - 6 (VL don bl de s Bl BGama s 5ARY L X ¥nB- RUBAECHELGW; [ o1 ]

No. | X R? R? R?

31 | o-co C,H, C.H, C.Hy

32 Cco C,H, C;H, C.Hy

33 | 0-CO C,H, C,H, CH,

34 | o-co CyHg C,H, C.H,

35 NH-CO C,H, CHy C.Hy

36 | NH-CO CH(CH;)CH, C,H, C.Hs

37 | 0-CO . C.H, C,HCl | CH,

38 ‘| NH-CO C,H; C,H, 4-Bromophenyl

39 | o-co C,H, C.H, 4-Methoxyphenyl

40 co CayH, C;H, 4-Tolyl

41 0~CO CH, C.H, - 2-Naphthyl

42 NH~CO CiHg C,H, 4-Nitrophenyl

43 NH-CO C.H, C.H, -3-Methoxyphenyl

44 0~-CO C.H, C,H, 3,4-Dichlorophenyl
45 0~CO C.H, C;H, 2,6-Dichlorophenyl
46 | 0~-CO CH(CH;)CH, C,H, 2,4-Difluorophenyl
47 0-CO C,Hg C.H, 2,3,5~Trichlorophenyl
48 0-CO C.H, C.H, Ferrocenyl

According to the invention, a radiation-~sensitive mixture
is also proposed - which contains, as essential
constituents,

-(a) a binder which is insoluble in water and soluble or
at least swellable in aqueous alkaline solutions,
(b) a compound which generates a strong acid under the
action of actinic radiation, and
(c) a compound which has at least one acid-cleavable
C-0-C bond and whose acid cleavage products are more
readily soluble in aqueous alkaline solutions than
the compound itself. .
This is the replscement shest
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42 p.b.w. of propylene glycol nononmethyl ether- acetate. The
solution was filtered through a-filter of 0.2 [err] pore dianeter and
whirler-coated at 3,100 rpmonto a wafer 5 treated with an adhesi on
pronot er (hexanet hyl disilazane). After drying for 1 mnute at 100C, a |ayer
t hi ckness of 1.05 pm was obtai ned. The recording nmaterial was exposed

i magewi se under an original to the radi2®i-on of a KrF-exciner |aser at 10

248 nm with_ an_ energy of 65 [err]. The recordi naa rraterlal was t hen
heated for 1IWi fi€e BEXEWFe | 2cPREdiBgort@ nbhemiaVPRLiGRs e usi ng an

aqueous devetDepgvablée dompnind Ned RSSBM@ILQmGﬂmmw—amalwfmoxi de.
Even after afg%%cimgésckg_%&? lP&;%l ble to 15 obtain an image true to

t he ori gi nal i ch even | ess than 0.5 [err] were resol ved.
Exanpl e 13

The radiation-~-sensitive mixture according to the inven-
tion is distinguished by a high sensitivity over a wide
spectral range. It shows a high thermal stability and
makes it possible accurately to reproduce even superfine
structures of an original. This is due to the property of
the mixture containing the compounds according to the
invention of allowing an unusually high differentiation
of the solubility between image areas and non-image areas
to be achieved.

The content of acid-cleavable material (c) in the
radiation-sensitive mixture accoxrding to the invention
should be 1 to 60% by weight, preferably 5 to 50% by
weight, each relative to the total weight of the mixture.

Photolytic acid donors b) are added to the acid-cleavable
compounds c¢) contained in the radiation-sensitive mixture
according to the invention, for which purpose onium
salts, such as diazonium, phosphonium, sulfonium and
iodonium salts of non-nucleophilic acids, for example of
HSbF,;, HAsSFz or HPF; [J.V. Crivello, Polym. Eng. Sci., 23,
953  (1983)j, halogen compounds (EP-A 0,232,972,
DE-A 1,572,089, DE~-A 1,817,540, DE-A 1,949,010,
Us-A 3,912,606 and DE-A 2,317,846), especially trichloro-
methyltriazine derivatives (Us-a 3,515,552,
Us-a 3,536,489, Us-A 3,779,778, DE-A 2,718,259,
DE-A 3,337,024, DE-A 3,333,450, DE-A 2,306,248,
DE-A 2,243,621 and DE-A 1,298,414) or trichloromethyloxa-
diazole derivatives (DE-aA 3,021,590, DE-A 3,021,599,
DE-~A 2,851,472, DE-A 2,949,396, DE-A 3,333,450 and
EP-A 0,135,348), o-quinonediazidesulfochlorides or
organometal/orgdnohalogen combinations are suitable.
Although very good results are obtainable with such
compounds, these are altogether not preferred since acids
having a highly corrosive action are generated in such
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The material described in Exanple 12 was irradiated with light of a

wavel ength of 240 to 260 nmand further 20 processed as descri bed
therein. In order to obtain a true inmage of the original down to 0.6 [err],
a dosage of 45 [err] was necessary. Exanple 14 The material described in
Exanple 12 was irradiated with 25 _ ,dight of a wavel ength of 365 nm and
farther processed as described therein. In order to obtain a true imge of

the origi nahdgavioh oséndipive amdasagss of R%%hﬁa&”]th{ﬁﬁe ntpgeﬁé ic :EXﬁ{fplofe ;5
3gvelen;Pﬁa§$& Bégnﬁggﬁgélgggﬁegrgggggéggdgség%% %:?B%gb?ﬂ%r%ﬁ+9 I% or der
to obtain 8ntP¥ROFWERe Fofammesooifgeueh ernpoundsy e dlemey, ba wemage of 97
ml/ cn2 wastfehédi are the «-carbonyl-a-sulfonyldiazomethanes, or

o ,a-bis-sulfonyldiazomethanes described in DE-A 3,930,087

and 3,930,086, nitrobenzyl sulfonates (F.M. Houlihan et

al., J. Photopolym. Sci. Techn., 3, 259, 1990; T. Yamaoka

et al., J. Photopolym. Sci. Techn., 3, 275, 1990),

pyrogallol sulfonates [T. Ueno et al., Chenmical

Amplification Positive Resist Systems Using Novel Sulfon-

ates as Acid Generators, in "Polymers for.

Microelectronics - Science and Technology", edited by

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

pages 66-67] or iminosulfonates (M Shirai et al., J.

Photopolym. Sci. Techn., 3, 301, 1990). The «-pyridones

containing N-sulfonyloxy groups mentioned in the appli- .

cations P 41 12 967.9, P 41 12 966.0 and P 41 12 965.2

filed concbmitantly are particularly preferred. ’

In general, 0.2 to 25% by weight of the photolytic acid
donors are added to the mixture. Proportions' of 0.5 to
15% by weight are preferred, and ‘1 to 10% by weight is
particularly preferred. These quantities can be fixed
precisely only in a concrete formulation and differ from
type to type. The photolytic acid donors have absorption
maxima in the region between 200 and 500 nm.
Consequently, the spectral sensitivity of the mixtures
~ according to’ the invention was thereby fixed, and they
can be selected in such a way that sensitivities
appropriate to pfactice can be obtained in the range of
the technically important radiation sourcés, for example
g-line (436 nm), i-line (365 nm) or UV2 (248 nm). The
acid-cleavable compounds (c) which can be used according
to the invention can then be selected in such a way that
they have virtually no characteristic absorption in these
ranges. By means of steps known to those skilled in the
art, for example by spectral sensitization, the
sensitivity range of the acid-donating compounds (b) can
be further widened, so that even radiation sources in the
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- 44 - necessary. Exanple 16 The material described in Exanple 12 was
irradiated with light of a wavel ength of 436 nmand further processed as 5
described therein. In order to obtain a true inage of the original down to
0.65 [err], a dosage of 122 [err] was necessary. Exanple 17 and Conpari son
Exanpl es 18 to 21 In each case five gpating solutions of the five basic 10
formul ations identified bel ow were prepared, the solution inhibitor being

enpl oyed ivisdbleankegyonl da% by Wiiehshod0%ye Waickfion 1686 xy-ragi ght, 20%
by wei ght r%r&%.a%?é)nb%a\’tx{eibghki.;e&?l ?:E.r'tgfl§,o étkheeguzaaf]&iaté/ioodc stofeleré%%l'yrrer used
such as electron beams or ion beams, can also be used for
the imagewise differentiation of the mixture according to
the invention, especially if highly active acid donors

are used, such as are described, for example, in
EP-A 0, 318’ 649 .

If desired, other acid-cleavable compounds can be added
to the mixtures according to the invention; in this case,

above all the following compound classes have proven
suitable:

(1) thbsé ‘having at least one -prthocarboxylic acid ester
group and/or Earboxylic acid amide-acetal group, the
compounds also having a polymeric character and it
being possible for the said groupings to occur as
linking elements in the main chain or as substitu-
ents in side chains (DE-A 2,610,842 and 2,928,636),

(2) oligomeric or polymeric compounds with recurring
acetal and/or ketal groupihgs in the main chain
(DE-A 2,306,248 and 2,718,254),

(3) compounds having at least one enol ether grouping oxr
N-acyliminocarbonate grouping (EP-A 0,006,626 and
0,006,627),

(4) cyclic acetals or ketals of f-ketoesters or f-keto-
amides (EP-A 0,202,196), _

'(5) compounds having silyl ether . groupings
(DE-A 3,544,165 and 3,601,264),

(6) compounds having silyl enol ether groupings
(DE-A 3,730,785 and 3,730,783),

(7) monoacetals and monoketals, whose aldehyde or keto
component respectively has a solubility of between
0.1 and 100 g/1 in the developer (DE-A 3,730,787),

(8) ethers based on tertiary alcohols (US-A 4,603,101)
and

(9) carboxylic acid esters and carbonates of tertiary
alcohols, allylic alcohols or benzylic alcohols
(US-A 4,491,628 and J.M. Fréchet et al., J. Imaging
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0.3 p.b.w, 0.6 p.b.w 0.9 p.bow, 1.2 p.b.w, 15 1.5 p.b.w):
anple 17 6.0 p.b.w of t he honopol yrrer i ndi cated in Exanple 10, x
b.w. of Conmpound 1 and 0.2 p.b.w of

(4- met hoxystyryl)-4,6-bis-trichloro- 20 :
met hyl -1, 3,5-triazine in 42 p.b.w. of propylene glycol nononethyl
. ether- acetate. Conparison Exanple 18 6.0 p.b.w. of the honopol yner
indicated in Exanple 10, 25 x - #Bb-w of a nononeric acetal prepared
from1 nol of benzaldehyde % 2 nol _of phenoxyethanol and 0.2 p.b.w. of
2- (4- met hoxyst ySfd-- £9- 595 #rﬂ&ﬂpﬁpb nethyl-1,3,5-triazine in 42 p.b.w
of propylene glycol nononethyl ether- 30 acet ate.

Mixtures of the said acid-cleavable compounds can also be

Ex
b
2-

-

used. Amongst these, however, acid-cleavable compounds
can preferably be used which have to be classified under
one of the abovementioned types (1) to (9) and, amongst
these, especially those which have an acid-cleavable C-0-
C bond. Amongst these, those compounds are particularly
preferred which belong to the types (1), (2), (7) and
(9). Under type (2), especially the polymeric. acetals
should be singled out, and, of the acid-cleavable com-
pounds of type (7), especially those whose aldehyde or
ketone component has a boiling point above 150°C, prefer-

ably above 200°C. Overall, however, such mixtures are not
preferred.

The compound (c) or the combination of compounds (c) is
present in a concentration from 1 to 60% by weight.

The radiation-sensitive mixture according to the inven-
tion also contains at least one polymeric binder which is
insoluble in water but soluble or at least swellable in
aqueous alkaline solutioﬁs. The binder is distinguished
in particular by being well compatible with the other
constituents of the radiation-sensitive mixture accoxrding
to the invention and having the lowest possible charac-
teristic absorption, i.e. high transparency, especially
in the wavelength range from 190 to 550 nm. Binders based
on novolak condensation resins, which are as a rule used
in combination with naphthoquinonediazides as the
photoactive components, do not meet this requirement.
Although novolak condensation resins show, after image-~
wise exposure, an increase in the solubility in aqueous
alkaline developers in the exposed areas, their charac~
teristic absorption is undesirably high in the region of
the short wavelength desired for the irradiation.

For the conventional applications, i.e. with 1light
sources in the near UV region, binders based on novolak

This is the replacement sheet
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Conpari son Exanple 19 6.0 p.b.w of the honopol yner indicated in Exanple
10, x p.b.w. of an oligoneric acetal prepared from1l nol of benzal dehyde

and 1 nol of diethylene - 45 - glycol and 0.2 p.b.w. of
»2- (4- met hoxystyryl)-4,6-bis-trichloro- nmethyl-1,3,5-triazine in 42 p. b. w.
of propylene glycol nononethyl - egher- 5 acetate.

conpari son Exanple 20 6.0 p.b.w. of the honopol yner indicated in Exanple
10, x pedndensatfiommresdinsgenerpartboetadly fsmdimablegowhioh Heeve al dehyde

and 1 mol,of 5 by yoepdefi- @584 in combination with naphthoquinone-
diazides as the photoactive components. Such
phenol/formaldehyde condensates have been described many
times and can, as a phenolic component, contain phenol,
the three position-isomeric cresols or other alkyl-
phenols, for example xylenols, as components. Apart from
formaldehyde, other aldehydes can also be utilized for
preparing the polymer. However, the polymers containing
hydroxy groups, described below, can also be used for
irradiations with near UV light, and these can be admixed
to the novolak polymers described above in a proportion
of up to 50%, preferably up to 20%.

For applications in the UV2 range, however, novolak
condensation resins can be used as a mixture with other
resins of higher transparency, suitable as binders. The
nmixing ratios here depend predominantly on the nature of
the binder to be mixed'with the novolak resin. Especially
important factors are the degree of characteristic
absorption of the binder in the said wévelength range,
and also the miscibility with the other constituents of
the radiation-sensitive mixturt_a. In genexal, however, ‘the
-binder of the radiation-sensitive mixture according to
the invention can contain up to 50% by'weight, especially
up to 20% by weight, of a novolak condensation resin.

Suitable bindexs are homopolymers or copolymers of
p-hydroxystyrene and alkyl derivatives thereof, for
example of 3-methyl-4-hydroxystyrene, of 3,5-dimethyl-4-
hydrosttyrene or 2,3-dimethyl-4-hydroxystyrene, and
homopolymers or copolymers of other wvinylphenols, for
example of 2- or 3-hydroxystyrene or of 4-methyl-3-
hydroxystyrene, or the esters or amides of methacrylic
acid with phenols, for example pyrocatechol, resorcinol,
hydroquinone, pyrogallol or aminophenols and the cor-
responding amides with aromatic amines. Polymerizable
compounds such as styrene, methyl methacrylate, methyl
acrylate or the like can be used as comonomers.

This is the replacement sheset
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10 and 0.2 p.b.w. of

2- (4- et hoxystyryl)-4,6-bis-trichloro- nmethyl-1,3,5-triazine in 42 p. b. w
of.- propyl ene glycol ,nononethyl ether- acetate. 15 Conpari son
‘Exanple 21 6.0 p.b.w. of the honopol yner indicated in Exanple 10, X

p.b.w. of a nmononeric acetal prepared0from 1 nol of benzal dehyde with 2
nmol® of 1, 4-Dbi s-hydroxy- nethyl -cycl ohexane d 20 .0.2 p.b.w of

2- ( 4- met hoAIKEPRERS) - Fayipds. apj chneFeaseibt r@af@i’?%, FEEFHEAML i FE2 p.b.w
of propyl ebtaigled olvherDNOLEL dyh~catteemingretvdngl Theneméus | onoxwer e

fiitered ! RLOUHN AvihbiekifbeRyfs Didde ox a1 POLE-thalRYEL: 200 a6h

whi r | er - coat ont o ersTireated wt esion pronof er
(hexanet hyM&iest £2rakbp preparation of copolymers of the above type.

The transparency of these binders is generally higher in
the region of interest, so that improved structuring is
possible.

Equally well, homopolymers or copolymers of maleimide can
also be used. These binders too show a high transparency
in the wavélength range described. Here again, the
comonomers preferably used are styrene, substituted
styrenes, \}inylphenols, ‘propenylphenols, vinyl ethers,
vinyl esters, vinylsilyl compounds ox (meth)acrylates.

Finally, copolymers of styrene can, futthermore, also be
-used with comonomers which effect an increase in solu-
bility in aqueous alkaline solutions. These include, for
example, maleic anhydride,'maleic acid half-esters or the
like.

The said bindexrs can also advantageously be mixed with
one another if this does hot impair the film-forming _
properties and the optical quality of the radiation-
sensitive mixture.

The quantity of binder is in general 40 to 95% by weight,
especially 40 to 90% by weight, preferably 50 to 85% by
weight, relative to the total weight of the radiation-
sensitive mixture.

The extinction of the binder or of the combination of
binders (a) in the wavelength range of the sensitivity of
compound (b) should be less than 0.5 pm™. '

If appropriate, dyes, pigments, plasticizers, wetting
agents and flow agents, and also polyglyceols and cellu-
lose ethers, for example ethylcellulose, can also be
added to the radiation-sensitive mixtures according to
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the conditions being selected such that a |ayer thickness of 1.00 0.05
[err] was obtained after drying at [err]. The wafers were then dipped for 1
mnute at 21C into an 30 aqueous devel oper containing 0.27 nol/| of

t étramet hyl - amoni um hydr oxi de, and the |ayer | oss was determ ned by neans
of a layer thickness-neasuring instryment. The pure polymer had a loss rate
of 327 nmmnute in this devel oper. e follow ng val ues were obtained for

the 35 theatiaventibasxd Niniprovéardpddiin t Fequikdndise 41 X wdgsakerr] -

46 - m a ncentration of sol ution inhibitor
No. (n Elgyiﬁlllgé nyéﬁéﬁiﬁp and:L é%) 20% 2504 _

When a éubstrate is to be coated, the radiation—sehsitive
mixture according to the invention is expediently dis-
solved in a solvent or in a combination of solvents.
Ethylene glycol, ethylene glycol monomethyl ether,
ethylene glycol dimethyl ether, ethylene glycol moncethyl
ether or propylene glycol monoalkyl ethers, especially
propylene glycol methyl ether, aliphatic esters (for
example. ethyl é.c.etate, hydroxyethyl acetate, alkoxyethyl
acetate, n-butyl acetate ,. propylene glycol alkyl ether-
acetate, especially propylene glycol methyl ether-acetate
or amyl acetate), ethers (for example dioxane), ketones
(fo:r: example methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone and cyclohexanone), dimethylformamide,
dimethylacetamide, hexamethylphosphbra_mide ,/ N-methyl-
pyrrolidone, butyrolactone, tetrahydrofuran and mixtures
thereof are . particularly suitable for this purpoée.
.Glycol ethers, aliphatic esters and ketones are part:.cu-—
larly preferred.

Ultimately, the choice of the solvents depends on the
coating process used, on the desired layer. thickness and
on the drying' conditions. The solvents must also be
chémic_ally neutral, i.e. they must not react irreversibly
with the other layer components.

The solution prepared with the said solvents has as a
‘rule a solids content from 5 to 60% by weight, preferably
up to 50% by weight.

Finally, the invention also relates to a radiation-
sensitive recording material which is composed essen-
tially of a substrate and, located thereon, a radiation-~
sensitive layer of the radiation-sensitive mixture
according to the invention.

Possible substrates are all those materials of which
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5-10 103 39 6 8 6 17 92

45 10 10 8 18 370 225 157 143

182 19 340 309 299 266 287 10 20

192 152 96 107 163 21 197 145 114

97, 65 It can seen from this result that the oligoneric

N: O acet al s accordl ng to the |nvent|6?‘| sShow a S|gn|f:- 15 Scalntly »
roved i eff ct f h dr rene_ pp imlar results

IcgEI d al sondg:1 rfeée ‘Lfﬁngf‘ﬁg héﬁ% %ch ]tp%Y ’E %ererﬁ%lrﬁsng waf er s

were then 9% r‘dbﬁ%@d‘—eb‘&/ Callqullt@x@m?eﬁoméﬁdatora forpam gthicth th@sleer r] heat ed
for 20  cah nbaupgoaucée! r biladnt kavsesated RpH oy éaahtal%stx);%etefm ned
(nnf mi nut @heﬁﬁﬁw %xidized and/gg'ngggéeéltWJ_t Oaclén?i#tgnln,onanl a slot or

doped, merit special mention. In addition, all other

substrates usual in semiconductor technology are pos-

sible, such as silicon nitride, gallium arsenide and

indium phosphide. Moreover, the substrates known from

liquid crystal display manufacture are possible, such as,

for example, glass and indium-tin oxide and also metal

plates and foils - for example, of alumrnum, copp@r“andw: " -t

zing, -bimetak-foils-and tr¥rimetdl Fo6ils,’ and also electrm-

cally non-conductive foils on wh:.ch metals have been

vapor-deposited, and paper., TheSe substrates can have

been thermally pretreated, superflclally'roughened, inci-

piently etched or, to improve desirgd properties, . for

example to enhance the hydrophilic character, pretreated
with chemicals.

To impart bhetter cohesion and/or better adhesion of the
radiation-sensitive layer to the substrate surface:;~the
layer can contain an adheslon,promoter{ In the cage of
silicon or silica substrates, adhesion promoters of' the
aminosilane type such as, for example, 3-aminopropyltri-
ethoxysilane or hexamethyld:.s:.lazane, can be used for
this purpose. T T '

Suitable supports: for the- production of photomechanical
recording layers, such as printing forms for letterpress
printing, planographic pginﬁing, screen printing and
flexographic printing,-are I particular aluminum plates,
which may have been anodically oxidized, grained and/or
silicated beforehand, and also zinc and steel plates

which may be chromium-plated, and also plastic films and
paper.

The recording material according to the invention is
exposed imagewise to actinic radiation. Within the scope
of this description, actinic radiation is to be
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able radiation sources are especially metal halide lamps,
carbon arc lamps, xenon lamps and mercury vapor lamps.
Likewise, exposure can be carried out with high-energy
radiation such as laser radiation, electron beams or X~
rays. However, lamps which can emit light of a wavelength
from 190 to 260 nm, i.e. especially xenon lamps and
mercury vapor lamps, are particularly preferred. Further-
more, laser light sources can also be used, for example
excimer lasers, especially KrF or ArF lasers, which emit
at 248 and 193 nm respectively. The radiation sources

must show adequate emission in the said wavelength
ranges.

The thickness of the light-sensitive layer depends on the
intended use. In general it is between 0.1 and 100 pm,
preferably 1 and 10 pm.

The invention also relates to a process for producing a
radiation-sensitive recording material. The radiation-
sensitive mixture can be applied to the substrate by
spraying, flow-coating, rolling, whirler-coating and dip-
coating. The solvent is then removed by evaporation, so
that the radiation-sensitive layer remains on the surface
of the substrate. The removal of the solvent can be
promoted by heating the layer to temperatures of up to
150°C. The mixture can, however, also be first applied in
the abovementioned way to a témporary support, from which
it is <transferred under pressure and at an elevated
temperature to the final support material. The materials
used as temporary support can in principle be all those
which are also suitable as support materials.
Subsequently, the layer is irradiated imagewise. The
layer is then treated with a developer solution which
dissolves and removes the irradiated areas of the layer,
so that an image of the original used in the imagewise
irradiation remains on the substrate surface. '

No. 5% " 10% 15% 20% 25% 25 10

450 600 780 900 977 17 ' 412 450 617
822 897 18 470 521 640 842 912 19

320 350 345. 375 360 30 20 400 510
590 690 820 21 420 478 534 590 700
This shows that the m xtures contar n331g-the N, O acetal s accordi ng t he
invention have ood err - 47 - dissol ut ronoting
action af BASEEeoG @STWr§F86aGF' Pheavdng af 2neRINe’h éﬁﬁﬁged and
unexposed cloayespanding to that of short-wave visible light. Suit-
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is in their case by far the greatest of all the exanples, i.e. they allow a
very good differentiation between i nage 5 areas and non-i nage areas.
Exanpl e 22 A coating solution was prepared from7.5 p.b.w. of a copol yner
of 3-met hyl -4-hydroxystyrene/ 4-hydroxystyrene (nolar ratio 2:1) having a
10 mean nol ecul ar wet gttt -of 18,000, 2.0 p.b.w of bCorrpo]thnd 1
nmol ecul ar _wei ght approx. 3,000), 0.2 p.b,w._of [err] in 42 p.b.w. o0
éropyl ene Egplﬁoﬁ%ﬁ’ﬁéﬂﬁlﬂ’e’é‘i héteacespeeialihe aquadusn wedutiener ed

t hrough a f.whh.bhr eonain esilipates]s medaamaie&tasd \Mnyahesuaeat, ed at

3,200 rpm Wa% Fg;
(hexanet hy ,hg,"?a &?slhi e%q:\ \rgy%l% @‘9&2’*‘% a es caﬁgf) nBFﬁ?e a | ayer
thlckness BF 1 qggq]c axkonakas nef alkali metal lons, alkaline

earth metal ions and/or ammonium ions, and also ammonia '

and the like. Metal ion-free developers are described in
Us-A = 4,729,941, EP-A 0,062,733, Us-A 4,628,023,
Us-A 4,141,733, EP-A 0,097,282 and EP-A 0,023,758. 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, relative to the weight of the developer solution.
Preferably, metal ion-free developers are used. Small
quantities of a wetting agent can have been added to the
~cievelopers, in order to facilitate the detachment of the
soluble areas of the layer.

The developed layer structures can be post-hardened. This
is effected in general by heating on a hotplate up to a
temperature below the flow temperature and subsequent
exposure of the whole area to the UV light from a xenon-
mercury vapor lamp (range from 200 to 250 nm). As a
result of the post-hardening, the image structures are
crosslinked, so that in general tﬁey have a flow resis-
tance up to temperatures of more than 200°C. The post-
hardening can also be effected without a temperature
increase solely by irradiation with high-enérgy UV light.

The radiation-sensitive mixture according to the inven-
tion is used in the production of integrated circuits or
of individual electronic components by lithographic pro-
cesses. The developed resist layer here serves as a mask
for the subsequent process steps. Examples of such steps
are etching of the layer support, the implantation of
ions in the layer support or the precipitation of metals
or other materials on the layer support.

Examples 1 to 17 which follow illustrate the suitability
of the mixture according to the invention for recording
materials in microlithography, using radiation of very
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The recording material was exposed i magew se under an 20 original to the
radi ation of a KrF-exciner |aser with an 2 energy of 34 [err], using a PAS
5000/ 70 exposure apparatus (manufacturer ASM Lithography) and then heated
for 1 mnute at 60 [err]. The recording material was devel oped using an
aqueous 25 devel oper which contained 2.38 % of tetranethylamoni um
_hydroxide. After 60 seconds a flaw es85reproduction of the mask was

6bt ai ned, structures down to 0.35 ]L,err beip% respolved in true detail.
[err] - qrq&eﬁﬁﬂr@y??)'rhe superiority o he mixtures according

to the invention over the state of the art is demon-
strated by reference to the comparison examples 18 to 21.
Examples 22 to 24 document the applicability of the
mixture in printed circuits and planographic printing
plates.

In the examples, the quantities are as a rule stated as
parts by weight (p.b.w.). Unless otherwise stated,
percentage figures and quantitative ratios are to be
understood as being in weight units.

Example 1
A coating solution was prepared from

7.5 p.b.w. of a cresol/formaldehyde novolak having a
softening range from 105 to 120°C, '

2.0 p.b.w. of Compound 1 and

0.6 p.b.w. of «,a-bis(4-tert.-butyl-benzenesulfonyl)-
diazomethane in

42 p.b.w. of propylene glycol monomethyl ether-
acetate. '

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,200 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane).
After drying for 1 minute at 100°C on the hotplate, a
layer thickness of 1.1 pm was obtained.

The recording material was exposed imagewise under an
original to the radiation of a xenon-mercury vapor lamp
at 365 nm with ant energy of 80 mJ/cm?. To complete the
cleavage of the solution inhibitor, the material was
heated for 1 minute to 60°C. '

The recording material was developed using the developer
of the following composition:
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A coating solution was prepared from7.5 p.b.w. of a copolyner of

3-net hyl - 4- hydr oxystyrene/ 4-hydroxystyrene (nolar ratio 1:1) having a 5
‘mean nol ecul ar wei ght of 17,000, 2.0 p.b.w of Conmpound 1 (nol ecul ar wei ght
approx. 5,000), 0.3 p.b.w. of [err] in 42 p. b.w. of propylene glycol
nmononet hyl ether-acetate. The solutd 88 was filtered through a filter of 0.2
[err] pore 10 dianeter and whirler-coated at 3,500 rpmonto a wafer
treated with an adhesPoh Briorbt @f (Eediamemefagidicasany) 9 KiQwer drying for
one mnute on a hot pBatep.b.wayef tHriisediems phbosphate] & 1 Bas, obt ai ned.

The recording materi al . ?}'@? kF)WOSoefi 80%%“'553?42*?9%“8195%?{’1‘69 igiyal to the

radi ati on of a KrF- eXCI err usi ng a PAS
- 5000/ 70 exposure appal@ .w. of deionized water.

After a developing time of 60 seconds, this gave a
defect-free image of the mask with steep resist flanks,
structures of < 0.55 pm also being resolved in true
detail. An examination of the flanks of the resist
profiles by means of scanning electron microscopy proved
that these were aligned virtually perpendicular to the
substrate surface. The contrast was 3.8.

The contrast 6f a pcsitivé resist, Ypr is defined as
Y = 1 / (log D, - log D;°) = [log(D,/D;°)17

where D,° is the irradiation dosage at which the developer
starts to attack the exposed film, and D; is the resist
space point (= resist sensitivity). An accurate des- .
cription of this parameter has been given in the article
by L.F. Thompson and M.J. Bowden "Resist Processing”
(Introduction to Microlithography, Theory, Materials and
Processing, edited by C.G. Willson, L.F. Thompson and
M.J. Bowden, ACS Symp. Ser., 219, 164 et seqg. (1983),
American Chem;'.cai Society, Washington).

Example 2
A coating solution was prepared from

7.5 p.b.w. of a styrene/p-hydroxystyrene copolymer
(molar ratio 20:80) having a mean molecular
weight of 32,000,

2.0 p.b.w. of Compound 2 and

0.5 p.b.w. of ¢,a-bis-(4-tert. —butyl-benzenesulfonyl)-
diazomethane in

42 p.b.w. of propylene glycol monomethyl ether-
acetate.
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(manuf acturer ASM Lit hography) and then heated for 1 minute at 60 [err] The
recording material was devel oped using an aqueous 20 devel oper which
cont ai ned 2. 38 % of tetranet hyl anmoni um hydroxi de. After 60 seconds a

fl awl ess reproduction of the mask was obtained, in which even structures
down to 0.30 [err] were resolved in-tBde-detail. The angle of structure

' ' ution was
o par ed I Fo3 1R, Rag ELLaregibrac e 3545eR, PLAT ) MBS one
havi ng a nebiremetiest iand whilgheretodgedlet ThitdShept blasoBeerwdiEt aced
[err] treated with an adhesion promoter (hexamethyldisilazane).
After drying for 1 minute at 100°C on the hotplate, a
layer thickness of 1.12 ym was obtained.

The recording material was exposed imagewise under an
original to the radiation of a xenon-mercury vapor lamp
at 260 nm with an energy of 92 mJ/cm? and then heated for
1 minute at 65°C. It was then processed using an aqueous
developer which contained 2.38% of tetramethylammonium
hydroxide. After 60 seconds, this gave a defect-free
image of the mask with high flank stability. A contrast
value of 5.6 was determined, and here again structures of
< 0.55 pm were resolved in true detail.

Example 3
A coating solution was prepared from

7.5 p.b.w. of a poly(pyrocatechol monomethacrylate)
having a softening range from 125 to 135°C,
2.0 p.b.w. of Compound 3 and
0.4 p.b.w. of 2-(4-ethoxy-naphthalen-1-yl)-4,6-bis-
trichloromethyl-1, 3', 5-triazine in
42 p.b.w. of propylene glycol monomethyl ether-
- acetate. - |

The solution waé filtered through a filter of 0.2 pm pore
diameter and whirler-coated at 3,200 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane) .
After drying for 1 minute at 100°C on the hotplate, a
layer thickness of 1.1 pm was obtained.

A wafer coated in this way was irradiated under an
original with light of a wavelength of 405 nm and an
energy of 100 mJ/cm?. The material was then heated for 1
minute at 60°C. After development, an image true to the
original was obtained.
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- 49 - 3.0 p.b.w. of a honopol ynmer of 4-hydroxystyrene having a nmean :
nol ecul ar wei ght of 30,000 (PHS from HOECHST CELANESE CORPORATIQN), 2.0
p-b.w. of Conmpound 1 (nol ecul ar wei ght approx. 5,000), 5 0.3 p.b.w of
[err] in 42 p. b.w. of propylene glycol nononethyl ether-acetate. The
solution was filtered through a filt of 0.2 [err] pore diameter and

whirler-coated at 3,500 rpmonto a & treated 10 wi th an adhesion

pr onot er (I yl di silazane). After drying for one mnute on a hot
plate, a | ) cness of 0.94 ierr was obt ai ned, The rgcordl ng materi al
was expose rdmentief Exampig;harag Fensatedy Hy taokr &- exci ner

| aser w t hwavel®ngthnesfjy436 1o wak cused USTagoht£HS 50@%1‘@-e1dgedur e
appar at us image of the original, it was necessary to use an ex-
posure energy of 135 mJ/cm?.

Example 5
A coating solution was prepared from

7.5 p.b.w. o0of a styrene/maleimide copolymer (molar
ratio 1:1) having a softening range from 165
to 180°C, .

2.0 p.b.w. of Compound 3 and

0.6 p.b.w. of benzenesulfonyl~(4-chlorobenzoyl)-diazo-

_ methane in

42 P.b.w. of propylene glycol monomethyl ether-aceta-

te.

The solution was filtered through a filtexr of 0.2 pm pore
diameter and whirler-coated at 3,700 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane).
After drying for 1 minute at 100°C, a layer thickness of
0.98 pm was obtained.

The recording material was exposed imagewise under an
original to the radiation of a xenon-mercury vapor lamp
at 260 nm with an energy of 120 mJ/cm?. The material was
then heated for 2 minutes at 65°C.

The recording material was developed using a 0.02 N
aqueous solution of tetramethylammonium hydroxide, the
exposed areas being detached without residue within
60 seconds. A defect-free image of the mask with steep
resist flanks was obtained. The loss in the dark was
< 20 nm; even structures of < 0.6 um were resolved in
true detail.
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(manuf acturer ASM Lithography) and then heated for 1 mnute at 60 [err].
The recording naterial was devel oped using an aqueous devel oper which
contai ned 2.38 % of tetranethyl anmoni um 20 hydr oxi de. While the
. non-i mge areas showed an erosion of < 20 nmmn, the erosion produced by
- the devel oper in the exposed areas was >10,000 nmmn. After 60 seconds a
flaw ess reproduction of the mask was3@gai n obtai ned, structures down to
0.30 [err] being resolved in true detail. 25 The angle of the structure
edges was i ge of 90 + [err]. Exanple 25 A coating solution was
prepared fromdating Eodutdonawasmppepured Hfol- net hyl - 4- hydr oxystyrene 30
havi ng a nean nol ecul ar wei ght of 22,000, [err]
7.5 p.b.w. of the copolymer from Example 5,
2.0 p.b.w. of Compound 4 and
0.4 p.b.w. o0of 4-(2-[2]furyl-vinyl)-6~trichloromethyl-
2-pyrone in .
42° p.b.w. of propylene glycol monomethyl ether-
acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,500 rpm onto a wafer
ctreated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layexr thickness of
1.00 pm was obtained. '

The recording material was exposed imagewise under an
original to radiation from a xenon-mercury vapor lamp at

260 nm with an energy of 112 mJ/cm? and then heated for 1
minute at 60°C.

The recording material was developed using a 0.02 N
aqueous solution of tetramethylammonium hydroxide, the
exposed areaé' being detached without residue within
60 seconds and an image of the original true to detail
being 6btained2 The measured contrast was about 8; the
edge | sxeépﬂéss of .the 'image was correspondingly
excéllent. ' '

Example 7
A coating solution was prepared from

7.5 p.b.w. of the copolymer described in Example 2,
2.0 p.b.w. of Compound 11 and

0.3 p.b.w. of triphenylsulfonium trifluoromethanesul-
fonate in

42 p-b.w. of propylene glycol monomethyl ether-
acetate.
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- 50 - 4.5 p.b.w. of a honopol ynmer of 4-hydroxystyrene having a nmean :
nol ecul ar wei ght of 30,000 (PHS from HOECHST CELANESE CORPORATIQN), 2.0

p. b.w. of Conpound 1 (nol ecul ar wei ght approx. 5,000), 5 0.3 p.b.w of
Ferr] in 42 p. b.w. of propylene glycol nononethyl ether-acetate. The

* solution was filtered through a filter of 0.2 [err] pore diameter and
whirler-coated at 3,500 rpmonto a wet@r-treated 10 wi th an adhesion

Dl oo, a | A6 SAHIREs edt DT bered hraial BLfLTheR Sl & dRLPAFRg Mot eri al
was exposediiareten sendnwbirderecogterhl at o3, 560r agimatargie od wakef- exci mer
l'aser Wi th3ated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layer thickness of

1.04 pn was obtained.

The recording material was exposed imagewise under an
original to radiation from a xenon-mercury vapor l'amp at
260 nm with an energy of 112 mJ/cm?. It was then heated
for 1 minute at 60°C.

The recording material was developed using a 0.27 N
aqueous solution of tetramethylammonium hydroxide, the
exposed areas being detached without residue within
60 seconds and an image of the oxriginal true to detail
being obtained. Lines and .gaps down to 0.5 pm were
reproduced true to the mask.

Example 8

The recording material from Example 7 was irradiated with
synchrotron radiation (BESSY, Berlin, 754 MeV) through a
gold-on-silicon mask at a dosage of 120 mJ/cm?. The
experimental arrangement is to be found in A. Heuberger,
Microelectr. Eng., 3, 535 (1985). The exposed matexial
was left to lie for 30 minutes at 'r00m temperature. After
development us:l.ng the developer desch.bed in Example 7
and a develop:.ng time of 120 seconds . & defect-free image
of the mask down to structures of < 0.4 pm was obtained.
The contrast was determined to be > 8; the resist flanks

were virtually perpendicular to the planar substrate
surface.

Example 9
A coating solution was prepared from

7.5 p.b.w. of a formaldehyde/m-kresol/p-kresol novolak
having a softening point from 100 to 110°C,
2.0 p.b.w. of Compound 14 and

0.3 p.b.w. of 2-(4-methoxystyryl)-4,6-bis~trichloro-
This is the replacement shest
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15 energy of 30 [err]. using a PAS 5000/ 70 exposure appar at us

(manuf acturer ASM Lithography) and then heated for 1 mnute at 60 [err].
The recording material. was devel oped usi ng an aqueous devel oper which
contai ned 2.38 % of tetranethyl amoni um 20 hydroxi de. Wile the

non-i mage areas showed an erosion of4k 20 nmm n, the erosion produced by

t he devel oper in the expo eg areas was >10, 000 nmm n. After 60 seconds a
fl awl ess reproduction EFtﬁﬁ 'ﬁasksﬁéglﬁﬁfﬁ?néﬂ, structures down to 0.35
[err] beid@ regobued | oft r yerafstlerne Takyewll emoho@dbthylhe extharct ur e edges
was in the range of [erl¢afsanpl e 26 The coated wafer of Exanple 23 was
exposed through a phase-shifting mask, using the exposure apparatus there
descri bed. Under the conditions described in this exanple, 30 structures

down to 0.THe [selulticautdsbeileqredutndughia talseal ef amd2 wik lpode t ual |y
Vert'cal'afﬂﬁgtéy(gﬁée§hirler-coated at 3,200 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layer thickness of
1.05 pm was obtained.

The recording material was exposed imagewise undexr an
original to radiation of a wavelength of 365 nm with an
energy of 95 mJ/cm? and then heated for 1 minute at 65°C.

' Kat

The recording material was developed using a developer of
the following composition:

5.5 p.b.w. of sodium metasilicate x 9 H,0,

3.4 p.b.w. of trisodium phosphate x 12 H,0, and
0.4 p.b.w. of anhydrous monosodium phosphate in
90.7 p.b.w. of deionized water,

the exposed areas being detached without residue within
60 seconds and an image of the'original true to detail
being obtained. Lines and gaps down to 0.5 pm were
reproduced true to the mask.

Example 10
A coating solution was prepared from

6.0 p.b.w. of a homopolymer of 3-methyl-4-hydroxysty-
rene having a softening point'from 155 to
. '160°C and a molecular weight of 22,000,
3.5 p.b.w. of Compound 1 and
0.1 p.b.w. of 1,2,3-tris-methanesulfonyloxybenzene in

42 p.-b.w. of propylene glycol monomethyl ether-
acetate.

The solution was filtered through a filter of 0.2 um pore
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Thi s Sheet Has Been Repl aced [err] -51- Exanple 27 The coated wafer of
Exanpl e 24 was exposed through a phase-shifting nask, using the exposure
apparatus there described. Under the conditions described in this exanple,
5 structures down to 0.16 [err] could be reproduced true to scale and
with virtually vertical resist profiJes Exanple 28 For producing an of fset
printing plate, an alum numfoil having a mechanically roughened and

anodi zed suamacerwasmdhililelecasdiamkdridth 3, coat rpe ol | snwafekhe

fo'lomjngt%%ated*QQQRQE{%hSBEion.promoter (hexamethyldisilazane).
After drying for 1 minute at 100°C, a layer thickness of
1.05 pm was obtained.

The recording material was exposed imagewise under an
original to radiation of a wavelength of 248 nm with an
energy of 25 mJ/cm?. The recording material was then
heated for 1 minute at 60°C.

The recording material was developed using an aqueous
developer which contained 2.38% of tetramethylammonium
hydroxide.'Even after a few seconds, it was possible to'
obtain an image true to the original, in which even
details of < 0.5 um were resolved. The contrast was
determined to be 4.5.

Exanple 10a

5 wafers were coated as described in Example 10 but, in
Place of the quéntity of Compound 1 indicated therein,
0.3, 0.6, 0.9, 1.2 and 1.5 p.b.w. were used. The samples
were processed as described in Example 10. The results
~are shown in the tables after Comparison Example 21.

Example 11

The mixture described in Example 10 was applied, exposed
and flnally heated as described therein. The development
was carrled out using the developer described therein, to
which 10% of isopropanol had been added. Details down to
0.3 pm were reproduced true to the original. The profiles
of even the smallest fractures were virtually vertical.

Example 12
A coating solution was prepared from

6.0 p.b.w. of the homopolymer indicated in Example 10,
3.5 p.b.w. of Compound 1 and

0.2 p.b.w. of 4-methyl-6-(4-methoxystyryl)-N-methane-
sulfonyloxy-a-pyridone in
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5 p.b.w. of the novolak indicated in Exanple 1, 2.3 p.b.w. of Conpound

7.

1, 0.3 p b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro- .

met hyl -1, 3,5-triazine and 15 0.05p. b.w. . of crystal violet base in 90
p:b.w of propyl ene -glycol nononethyl ether- acetate. After drying of
t he Iayer (dry weight about 2.5 g/cn? it was exposed under a positive
test original for 30 20 seconds, s% ored for 15 nminutes at room

t emper at ur g2andpdgyel.oped usgﬂaq;yqeqk‘évela\gvﬁéolof M&oﬁéulfw N@efEEROSI tion:

0.5 p.b.w. of sodi um hydroxide, sodium netasilicate x 9 [err]
and 1.0 p.b.w. of 2-n-bBF8%$EBRanol in 25 97.7p.b.w._of deionized
water. After rinsing with water, the plate was nade ready for treating by

Wi ping W t bnt%BhasRBAar¥4s af;i'ﬂ:ez.@ccf hroh@fPa filter of 0.2 pm pore
diameter and whirler-coated at 3,100 rpm onto a wafer
treated with an adhesion promoter (hexamethyldisilazane).

After drying for 1 minute at 100°C, a layer thickness of
1.05 um was obtained. '

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser at
248 nm with an energy of 65 mJ/cm?. The recording
material was then heated for 1 minute at 60°C.

The recording material was developed using an agueous
developer which contained 2.38% of tetramethylammonium
hydroxide. Even after a few seconds, it was possible to
obtain an image true to the original, in which even
details of less than 0.5 pm were resolved.

Example 13

The material described in Example 12 was irradiated with
light of a wavelength of 240 to 260 nm and. further
processed as described therein. In order to obtain a true
image of the original down to 0.6 pm, a dosage of
45 mJ/cm? was necessary.

Example 14

The material described in Example 12 was irradiated with
light of a wavelength of 365 nm and further processed as
described therein. In order to obtain a true image of the

original down to 0.6 pm, a dosage of 85 mJ/cm?® was
necessary.

Example 15

The material described in Example 12 was irradiated with
light of a wavelength of 405 nm and further processed as
described therein. In order to obtain a true image of the
original down to 0.65 pm, a dosage of 97 mJ/cm® was
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ing into a printing press, 55,000 perfect prints of the original were

obt ai ned. 30 Exanpl e 29 The solution of a positive dry resist was

pr epared by preparing the follow ng conposition:

[err] -52- 12.5 p.b.w. of the novol ak described in Exanple 9, 10.0
p.b.w. of Conpound 7, 0.5 p.b.w. of .

4:(2-[2] furyl -vinyl)-6-trichl oronet-hyd4 -2-pyrone and 5 0.1 p.b.w. of

crystal violet in 25 p.b.w. of butanone. A 25 [err] thick polyethyl ene
t er epht hal 8F&€eFSPMAYwas coated with this solution to give a dry |ayer
t hi ckness of :

Example 16

The material described in Example 12 was irradiated with
light of a wavelength of 436 nm and further processed as
described therein. In order to obtain a true image of the
original down to 0.65 ym, a dosage of 122 mJ/cm® was
necessary. .

Example 17 and Comparison Examples 18 to 21

In each case five coating solutions of the five basic
formulations identified below were prepared, the solution
inhibitor being employe'd_. in-a quantity of 5% by weight,
10% by weight, 15% by weight, 20% by weight and 25% by
weight, relative to the quantity "of the polymer used
(= 0.3 p.b.w., 0.6 p.b.w., 0.9 p.b.w., 1.2 p.b.w.,
1.5 p.b.w.):

Example 17

6.0 p.b.w. of the homopolymer indicated in Example 10,

X p.b.w. of Compound 1 and

0.2 p.b.w.' of 2-(4-methoxystyryl)-4,6~bis-trichloro-
methyl-1,3,5-triazine in

42 p.b.w. of propylene glycol monomethyl ether-
- acetate. ' ’

Comparison Example 18
6.0 p.b.w. of the homopolymer indicated in Example 10,
x p.-b.w. of a monomeric acetal prepared from 1 mol of
benzaldehyde and 2 mol of phenoxyethanol and
0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-
methyl-1,3,5-triazine in
42 p.b.w. of propylene glycol monomethyl. ether-
acetate.

Comparison Example 19

6.0 p.b.w. of the homopolymer indicated in Example 10,

x p.b.w. of an oligomeric acetal prepared from 1 mol
of benzaldehyde and 1 mol of diethylene
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16 [err]. The surface of the dry resist filmwas |am nated 10 to a
further polyethylene terephthalate filmhaving | ower adhesion. After
peeling off the cover film the dry filmwas | am nated under pressure and
heat to a brass plate. After cooling and peeling off the support film the
pl ate was exposed through an original, good i mge contrast 15 becom ng
vi'sible. After storage for 20 m not&3,” the exposed areas were

spray-devel oped using 3 g%&elg er of the conposition indicated in Exanple
11. The plate was thef? &t ched’t rough to snooth flanks. The milled products
obt ai ned ®arR Pebpst- f @ft he? - pf oBeshedy Hererk) 1he e tpichlozgyar at ed.
Exanpl e 30 A coating seithyilcn ,895-giepaiad fhom 7.5 p.b.w. of the novol ak

ndi categn BAME G2 BofPedh OhupRAPOUibrbhectyy crfld P-D-W of

viol e
acetate.

Comparison Example 20
6.0 p.b.w. of the homopolymer indicated in Example 10,
x p-b.w. of an oligomeric acetal from 1 mol of
benzaldehyde and 1 mol of Dbutyne-1,4-diol
and '
0.2 p.b.w. of 2-(4-methoxystyryl)-4,6-bis-trichloro-
. ' methyl-1,3,5-triazine in
42 p.b.w. of propylene glycol monomethyl ether-
acetate. '

Comparison Example 21
6.0 p.b.w. of the homopolymer indicated in Example 10,
X p.b.w. of a monomeric acetal prepared from 1 mol of
benzaldehyde with 2 mol of 1,4-bis-hydroxy-
methyl-cyclohexane and '
0.2 p.b.w. o0of 2-(4-methoxystyryl)-4,6-bis-trichloro-
methyl-1,3,5-triazine in _
42 p-b.w. of propylene glycol monomethyl ether-
acetate.

The solutions were filtered through a filter of 0.2 pum
pore diameter and each whirler-coated onto two wafers
treated with an adhesion.promdter (hexamethyldisilazane),
the conditions being selected such that a layer thickness
of 1.00 + 0.05 um was obtained after drying at 100°C.

The wafers were then dipped for 1 minute at 21°C into an
aqueous developer cbntaining 0.27 mol/l of tetramethyl-
ammonium hydroxide, and the layer loss was determined by
means of a layer thickness-measuring instrument. The pure
polymer had a 1loss rate of 327 nm/minute in this
developer. The following values were obtained for the
rates of loss in the dark from the various mixtures
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0.6 p.b.w of 2-(4-nmethoxystyryl)-4, 6-bis-trichloro-

methyl -1, 3,5-triazine in 42 p.b.w. of propylene glycol nononethyl

€ther- acetate. 30 The solution was whirler-coated onto an

el ectrolytically roughened and anodi zed al um num pl ate, which had been

treated beforehand with an aqueous 22I ution of polyvinyl- phosphonic acid,

and dried. The layer weight of thé i &d layer was 1.5 [err]. This Sheet

Has Been [r - 53 - The inmagew se exposure was carried out
Bmﬁfﬁgféﬁ. ] 9 P

under a 5 nmetal nhalide lanp at a distance of 110 cm After a waiting
time
Example Concentration of solution inhibitor
No. 5% 10% 15% 20% 25%
10 103 39 6 8 6
17 92 45 10 10 8
18 370 225 157 143 182
19 340 309 299 266 287
20 192 152 96 107 163
21 197 145 114 97 65

It can seen from this result that the oligomeric
N,O0-acetals according to the invention show a signifi-
cantly improved inhibiting effect for polyhydroxystyrene
polymers. Similar results could also be obtained with
other phenolic polymers.

The remaining wafers were then irradiated by a KrF
excimer laser at a dosage of 100 mJ/cm?, heated for
1 minute at 60°C, and the loss in bright 1light was
determined (nm/minute): . :

Example Concentration of solution inhibitor

No. 5% 10% 15% 20% 25%
10 450 600 780 900 977
17 412 450 617 822 897
18 470 521 640 842 912
19 320 350 345 375 360
20 400 510 590 690 820
21 420 478 534 590 700

This shows that the mixtures containing the N,O-acetals
according to the invention have a very good
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of 10 m nutes, the plate was devel oped using the devel oper described in
Exanpl e 9, the exposed areas being 5 det ached. The printing formthus
ofit ai ned was gunmmed and cl anped into a planographic printing press, where

it gave nore than 125,600 prints of excellent quality. [err] [err]
Patent clains 1. A compound of the forrmula | [err] 5 i n which
[err] is an alkylene, cycloal kyl &de~ al kenyl ene, al kynyl ene or

aryl enebi sglll‘%l rQu _promv\@ch one or re ali hatlc ,lql-iZ r%roupgp can have

th ing action after exp sure. tio
the loss rates between exposed and unexposed layer areas
is in their case by far the greatest of all the examples,
i.e. they allow a very good differentiation between image
areas and non-image areas.

Example 22

A coating solution was prepared from

7.5 p.b.w. of a copolymer of 3-methyl-4-hydroxystyrene/
. 4-hydroxystyrene (molar ratio 2:1) having a
mean molecular weight of 18,000,
2.0 p.b.w. of Compound 1 (molecular weight approx. 3,000),
0.2 p.b.w. of K,{~bis-(4-methylbenzenesulfonyl)-diazomethane
in

42 pP.b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,200 rpm onto a wafer treated
with an adhesion promoter (hexamethyldisilazane). After

drying for one minute on a hot plate, a layer thickness of
1.03 um was obtained.

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an
energy of 34-mJ[cm?) using a PAS 5000/70 exposure apparatus

(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °cC.

The recording material was developed using an aqueous
developer which contained 2.38 % of tetramethylammonium
hydroxide. After 60 seconds a flawless reproduction of the

mask was obtained, structures down to 0.35 um being resolved
in true detail.
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been repl aced by oxygen or sulfur atons, 10 [err] is an alkyl,

al kenyl, al kynyl, cycloal kyl, al koxyal kyl, aryl, aralkyl or

aryl oxyal kyl radical, [err] is an alkyl or aryl radical, X is one of the
groups -CO-, -0-CO or -NHCO and 15 n is'an integer greater
than 1. 2. A conpound as clainmed i_n,glaiml, wherein [err] is an

al kyl ene, al kenyl ene or al kynyl ene group having 2 to 18 carbon atons, in
which 1 to 3 CH2 groups can have been replaced by oxygen or sulfur atoms, a

cyclo- 20 -al kyl ene group having 4.to 18 carbon atons, an
aral kyl ene group having 7 to 18 carbon atons or an aryl enebi sal kyl group
“havi ng &xamgh® cz8 bon atoms 3. A conmpound as clainmed in claiml1, V\/nerel n

gl b t 25
[err] is,an lwré/lg car] uﬂaaw ngjpfg %Eggr on atons, an

al kenyl or a carbon
of a copolymer of 3 methyl-4-hydroxystyrene/

4—hydroxystyrene_(molar ratio 1:1) having a
= mean molecular weight of 17,000,
2.0 p.b.w. of Compound 1 (molecular weight approx. 5,000),
0.3 p.b.w. of &,-bis-(4-chlorobenzenesulfonyl)~-diazomethane
in

42 p.b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,500  rpm onto a wafer treated
with an adhesion promoter (hexamethyldlsllazane) After
drying for one minute on a hot plate, a layer thlckness of
0.98 um was obtained. .

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an
energy of 38 mJ/cmz, using a PAS 5000/70 exposure apparatus
(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °cC.

The recording material was developed using an agueous
developer which contained 2.38 % of tetramethylammonium
hydroxide. After 60 seconds a flawless reproduction of the
mask was obtained, in which even structures down to 0.30 um
were resolved in true detail. The angle of structure edges
was in the range of 90° 4+ 3°.

Example 24

A coating solution was prepared from

4.5 p.b.w. of a homOpolymef of 3-methyl-4-hydroxystyrene

having a mean molecular weight of 22,000,
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atons, an al koxyal kyl radical having 3 to 12 carbon atons, a cycl oal kyl
radi cal having 4 to 12 carbon atons, an aryl radical having 6 to 12 carbon
atons, an aral kyl radical having 7 to 12 carbon atons or an 30

aryl oxyal kyl radical having 8 to 12 carbon atons. 4. A conpound as
ctainmed in claim1, wherein nis an [erf]_ [err] integer from3 to 50. 5.
A radi ation-sensitive mxture which contains, as essential constituents,
(a) a binder which is insoluble in water and 5 ' sol uble or

at least swellable in aqueous alkaline solutions,

3.0 p.b.w. of a homopolymer of 4-hydroxystyrene having a
mean molecular weight of 30,000 (PHS from
HOECHST CELANESE CORPORATION), _
2.0 p.b.w. of Compound 1 (mOleculér weight approx. 5,000),
0.3 p.b.w. of &,0ol-bis-(4-bromobenzenesulfonyl)-diazomethane
in
42 p.b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirlbr—coated at 3,500 rpm onto a wafer treated
with an adhesion éromoter (hexamethyldisilazane). "After
drying for one minute on a hot plate, a layer thickness of
0.94 um was obtained.

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an
energy of 30 mJ/cmz; using a PAS 5000/70 exposure apparatus

(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °cC.

R . ]
The recording material was developed using an aqueous

developer which contained 2.38 % of tetramethylammonium
hydroxide. While the non-image areas showed an erosion of .
< 20 nm/min, the erosion'produced by the developer in the
exposed areas was >10,000 nm/min. ‘After 60 seconds a
flawless reproduction of the mask.was again obtained,
structures down to 0.30 um being resolved in true detail.

2 The angle of the structure edges was in the range of 90° +
3..

Example 25

A coating solution was prepared from

3.0 p.b.w. of a homopolymer of 3-methyl-4-hydroxystyrene
having a mean molecular weight of 22,000,
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(b) a conmpound which generates a strong acid under the action of actinic
radi ati on and (c) a conpound which has at | east one acid-cleav- 10

able C-OC bond and whose acid cleavage products are nore readily

sol ubl e i n aqueous al kal i ne solutions _than the conmpound itself, wherein the
aci d-cl eavabl e conpound (c) is a coﬁ?SBdUnd as claimed in any of clains 1
to 4. 15 6. A radiation-sensitive mxture as clainmed in claimb5,
wherein the conpound (b) is sensitive to |ight of a wavel ength from 150 to
550 nm 7. A radiation-sensitive mxture as clained in claim5, which
contains the conpound (c) in a concentration 20 from1l to 60% by
weight. 8, A radiation-sensitive mxture as_clained in claimb5, wherein the

bi nder (&3 hal-Ba¥ ex@5 icthanero YPEEsof hAnbYIECX¥F FYL#Re BV IR/ @ engt h
region of the sen- - mean molecular weight of 30,000 (PHS from

HOECHST CELANESE CORPORATION),
2.0 p.b.w. of Compound 1 (molecular weight approx. 5,000},
- 0.3 p.b.w. of ,0{~bis-(4~-chlorobenzenesulfonyl)-diazomethane
in
42 p-b.w. of propylene glycol monomethyl ether-acetate.

The solution was filtered through a filter of 0.2 um pore
diameter and whirler-coated at 3,500 rpm onto a wafer treated
with an adhesion promoter (hexamethyldisilazane). After
drying for one minute on a hot plate, a layer thickness of
0.90 um was obtained.

The recording material was exposed imagewise under an
original to the radiation of a KrF-excimer laser with an
energy of 30 mJ/cmZ, using a PAS 5000/70 exposure apparatus

(manufacturer ASM-Lithography) and then heated for 1 minute
at 60 °c. '

The recording material was developed using an agqueous
developer which contained 2.38 % of tetramethjlammonium
hydroxide. While the non-image areas showed an é;osion of

< 20 nm/min, the erosion produced by the developer in the
exposed areas was >10,000 nm/min. After 60 seconds a
flawless reproduction of the mask'was obtained, structures
down to 0.35 um being resolved in true detail. The angle of
the structure edges was in the range of 90° 3;3’. '

Example 26

The coated wafer of Example 23 was exposed through a
phase-shifting mask, using the exposure apparatus there
described. Under the conditions described in this example,
structures down to 0.16 um could be reproduced true to scale

and with virtually vertical resist profiles.
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sitivity of compound (b). 25 9. A radi ation-sensitive m xture as
claimed in claim8, wherein the binder is a polynmer having phenolic hydroxy
groups. 10. A radiation-sensitive mxture as clained in claim@8, wherein

1 he binder contains a m xture of various 30 pol ymers havi ng

phenolic hydroxyl groups. [err] - 56 - 11. Aradiation-sensitive mxture
gs"claimed in claim5, which contains the binder (a) in a concentration
from30 to 95 % by weight. 12. A radPhtion-sensitive nmixture as claimed in
claim5, 5 whi ch contains the conmpounds (b) in a concentration from

Example 27

The coated wafer of Example 24 was exposed through a
phase-shifting mask, using the exposure apparatus there
described. Under the conditions described in this example,
structures down to 0.16 um could be-reproduced true to scale
and with virtually vertical resist profiles.

Example 28
.Por producing an offset printing plate, an aluminum foil
having a mechanically roughened and anodized surface was

whirler~coated with a coating solution of the following
composition:

7.5 p.b.w. of the novolak indicated in Example 1,
2.3 p.b.w. of Compound 1,

0.3 p.b.w. of 2-(4-methoxystyryl)-4,6-bis~trichloro-~
methyl-l,B,S-triazine and.

kN 0.05p.b.w. of crystal violet base in
80 p.b.w. of propylene glycol monomethyl ethexr-
acetate.

After drying of the layer (dry weight about 2.5 g/cm?),
it was exposed under a positive test oxiginal for 30
seconds, stored for 15 minutes at room temperature and
developed using a developer of the following composition:

0.5 p.b.w. of sodium hydroxide,

0.8 p.b.w. of sodium metasilicate x 3 H,0 and
1.0 p.b.w. of 2-n-butoxyethanol in
97.7p.b.w. of deionized water.

After rinsing with water, the plate'was made ready for
treating by wiping with 1% phosphoric acid. After clamp-

ing into a printing press, 55,000 perfect prints of the
original were obtained.

Example 29

The solution of a'positlve dry resist was prepared by
preparing the following composition:

-
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0.2 to 25 % by weight. 13. A radiation-sensitive mxture as clainmed in
claim5, wherein the conpound (b) generates a sulfonic acid on photol ysis.
1.0 14. A radiation-sensitive recording nmaterial conprising a |ayer
support and a radiation-sehsitive |ayer, wherein the layer is conposed of a
radi ati on-sensitive mxture as claineghb in any of clains 5 to 13. [err]

12.5 p.b.w. of the novolak described in Example 9,

10.0 p.b.w. of Compound 7,

0.5 p.b.w. of 4-(2-[2]furyl-vinyl)-6-trichloromethyl-
2-pyrone and '

0.1 p.b.w. of crystal violet in

25 p.b.w. of butanone.

A 25 pm thick polyethylene terephthalate film was coated
with this solution to give a dry layer thickness of
16 pm. The surface of the dry resist film was laminated
to a further polyethylene terephthalate f£ilm having lower
adhesion. After peeling off the cover film, the dry film
was laminated under pressure and heat to a brass plate.
"After cooling and peeling off the support f£ilm, the plate
was exposed through an original, - good image contrast
becoming visible. After storage for 20 .minutes, the
exposed areas were spray-developed using a developer of
the composition indicated in Example 11. The plate was
then etched through to smooth flanks. The milled products
obtained can be yet further processed before ﬁhey are
separated. '

Example 30
A coating solution was prepared from

7.5 p.b.w. of the novolak indicated in Example 9,
2.0. p.b.w. of Compound 14,
0.05 p.b.w. of crystal violet base and
0.6 p.b.w. of - 2~ (4-methoxystyryl)-4,6-bis~trichloro-~
methyl-1,3,5-triazine in
42 p.b.w. of propylene glycol monomethyl ether-
acetate. '

The solution was whirler-coated onto an electrolytically
roughened and anodized aluminum plate, which had been
treated beforehand with an aqueous solution of polyvinyl-

phosphonic acid, and dried. The layer weight of the dried
layer was 1.5 pm.
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- 53 -~

The imagewise exposure was carried out under a 5 kW metal
halide lamp at a distance of 110 cm. After a waiting time
of 10 minutes, the plate was developed using the
developer described in Example 9, the exposed areas being
detached. The printing form thus obtained was gummed and
clamped into a planographic printing press, where it gave
more than 125,000 prints of excellent quality.
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Patent claims
1. A compound of the formula I

R3 . R2
I 1.0 (1)
(-CH-0~RI-X-N-

in which , .

R? is an alkylene, cycloalkylene, alkenylene,
alkynylene or arylenebisalkyl group, in which
one or more aliphatic CH; group(s) can have

" been replaced by oxygen or sulfur atoms,

R? is an alkyl, alkenyl, alkynyl, cycloalkyl,
alkoxyalkyl, aryl, aralkyl or aryloxyalkyl
radical, '

R® is an alkyl or aryl radical, _

X 1is one of the groups -CO-, -0-CO- or -NH-CO- and

n is an integer greater than 1. '

2. A compound as claimed in claim 1, wherein R® is an
alkylene, alkenylene or alkynylene group having 2 to
18 carbon atoms, in which 1 to 3 CH, groups can have
been .:r:eplaced by oxygen or sulfur atoms, a cyclo-
alkylene group having 4 to 18 carbon atoms, an
aralkyléné group having 7 to” 18 carbon atoms or an
arylenebisalkirl- éroup having 8 to 18 carbon atoms.

3. A compound as claimed in claim 1, wherein R?® is an
alkyl radical having 1 to 12 carbon atoms, an
alkenyl or alkynyl radical having 2 to 12 carbon
atoms, an alkoxyalkyl radical having 3 to 12 carbon
atoms, a cycloalkyl radical having 4 to 12 carbon
atoms, an aryl radical having 6 to 12 carbon atoms,
an aralkyl radical having 7 to 12 carbon atoms or an
aryloxyalkyl radical having 8 to 12 carbon atoms.

4. A compound as claimed in claim 1, wherein n is an

AL 0 )
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10.

- 55 _

integer from 3 to 50.

A radiation-sensitive mixture which contains, as
essential constituents,

(a) a binder which is insoluble in water and
soluble or at least swellable in aqueous
alkaline solutions,

(b) a compound which generates a strong acid under
the action of actinic radiation and

(c) a compound which has at least one acid-cleav-
able C-0-C bond and whose acid cleavage
products are more readily soluble in aqueous

~alkaline solutions than the compound itself,

wherein the acid-cleavable compound (c) is a com-
pound as claimed in any of claims 1 to 4.

A radiation-sensitive mixture as claimed in claim 5,
wherein the compound (b) is sensitive to light of a
wavelength from 150 to 550 nm. '

A radiation-sensitive mixture as claimed in claim 5,
which contains the compound (c¢) in a concentration
from 1 to 60% by weight. '

A radiation-sensitive mixture as claimed in claim 5,
wherein the binder (a) has an extinction of less
than 0.5 pm™? in the wavelength region of the sen-
sitivity of compound (b).

A radiation-sensitive mixture as claimed in claim 8,
wherein the binder is a polymer having phenolic
hydroxy groups.

A radiation-sensitive mixture as claimed in claim 8,

wherein the binder contains a mixture of various
polymers having phenclic hydroxyl groups.
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11. A radiation-sensitive mixture as claimed in claim 5,
which contains the binder (a) in a concentration from
30 to 95 % by weight.

12. A radiation-sensitive mixture as claimed in claim 5,
which contains the compounds (b) in a concentration from
0.2 to 25 ¥ by weight.

13. A radiation-sensitive mixture as claimed in claim 5,
wherein the compound (b) generates a sulfonic acid on
photolysis. '

14. A radiation-sensitive recording material comprising a

layer support and a radiation-sensitive layer, wherein the
layer is composed of a radiation-sensitive mixture as
claimed in any of claims 5 to 13.
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Abstract of the disclosure:

Acid-cleavable compounds, a positive-working radiation-

sensitive mixture containing these, and radiation-

sensitive recording material produced with this mixture

Compounds of the formula I

g3 R
(L)

| 1.
[-CH-0~-RI-X-N-],

are proposed, in which

R* | is an alkylene, cycloalkylene, alkenylene,
alkynylene or arylenebisalkyl group, in which one or .
more aliphatic CH, group'(s) can have been replaced
by oxygen or sulfur atoms,

R? is an alkyl, alkenyl, alkynyl, cycloalkyl, alkoxy-
alkyl, aryl, aralkyl or aryloxyalkyl radical,

R? is an alkyl or aryl radical,

X is one of the groups -CO-, -0CO- or -NHCO- and

n is an integer greater than 1, especially from 3 to
50.

The compounds are cleavable by acid and, in combination
with photolytic acid donors and alkali-~soluble binders,
are constituents of positive-working mixtures which are
used especially in recording materials for UV radiation
and high-energy radiation. The materials are distin-
guished by a high resolution in conjunction with high
image contrast.
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