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The lithographic production of relief structures on diverse substrates is frequently carried
out using etch resists which contain a binder containing acid-sensitive groups and an acid
photogenerator.

JP Kokai Hei 02-248952 describes photoresist compositions based on phenolic resins all
or some of whose hydroxyl groups are substituted by tetrahydropyranyl ether groups.
These compositions are distinguished by a high resolution capacity. However, they have
the disadvantage of requiring heat treatment after exposure.

JP Kokai Hei 05-17711 discloses an etch resist composition comprising a copolymer of
(meth)acrylic acid, tetrahydropyranyl (meth)acrylate and an alkyl acrylate and an acid
photogenerator. This composition is deposited on the substrate by electrodeposition
coating, giving a film of high homogeneity. However, the photosensitivity of this resist is
relatively low. In addition, this process also requires heat treatment after exposure.

US Patent 5 252 427 describes copolymers which contain both acid-sensitive groups and
free acid groups and which can be used in combination with conventional acid
photogenerators as etch resists. However, the thermal stability of both the copolymers and
the coatings produced therefrom is inadequate for certain applications.

The mixtures of copolymers containing acid-sensitive groups and copolymers containing
free acid groups which are described in EP-A 568 827 can also be employed in
combination with conventional acid photogenerators as base resins for positive
photoresists. These photoresists again have the disadvantage of relatively low
photosensitivity and of requiring heat treatment after irradiation.

It has now been found that the use of mixtures of specific organic homopolymers or
copolymers gives photoresist materials of high photosensitivity which do not require

thermal aftertreatment, have a long shelf life and give relief structures of good resolution.

The present invention relates to a positive photoresist composition which can be
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(c) at least one compound which forms an acid on exposure to actinic radiation, and
(d) an organic solvent.

Component (a) is preferably a homopolymer or copolymer comprising 8-100 % by weight
of recurring structural units of the formula Ia and 92-0 % by weight of recurring structural
units of the formula Ib

0% N0—C—C—R,

c—¢ (),

in which
X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,
R, R; and Rg, independently of one another are hydrogen, C;-Cgalkyl, C5-Cyqaryl,
Cg-Cyparalkyl, halogen, -COOH, -COOR;, or -CONR;3R 14, where Ry is an
unsubstituted or C;-Cgalkoxy-, hydroxyl- or halogen-substituted C;-C;galkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R,; and R4, independently
of one another, are hydrogen, C;-C;galkyl, Cs-C;4aryl or Cg-Cpqaralkyl,
R, is C;-Cgalkyl or phenyl,
Ry is hydrogen or C;-Cgqalkyl, and .
R¢ and R7, independently of one another, are hydrogen, C;-Cgalkyl or C;-Cgalkoxy,
or two of the radicals R4, Rs, Rg or Ry, together with the carbon or oxygen atoms to which
they are bonded, form a 5- to 8-membered ring,

- Rg, Ry , Ryp and R, ;, independently of one another, are hydrogen, C,-C, salkyl,
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C,-C,galkyl, Cs-C, qaryl, Cg-Cygaralkyl or hydroxyl-, alkoxy- orhalogen-subsututed
phenyl,

with the proviso that the mean molecular weight (weight average) of the homopolymer or
copolymer is 1000-500,000 and the amount of COOH groups is at most 0.4 mol/kg.

The divalent radical X can be any divalent aliphatic, cycloaliphatic, aromatic, araliphatic
or heterocyclic radical having 1-18 carbon atoms and may, if desired, contain hetero
atoms, such as O, N or S, or functional groups, such as carbonyl groups or ester groups.

The term non-basic nitrogen atoms is taken to mean quaternized nitrogen atoms or
nitrogen atoms containing electronegative substituents, for example carbonyl groups.

Alky! or alkoxy groups R, to R;, or alkyl or alkoxy groups as substituents of phenyl
groups may be straight-chain or branched. Examples which may be mentioned are:
methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl,
n-hexyl, 2-ethylhexyl, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, sec-butoxy,
tert-butoxy, n-pentoxy, neopentoxy and n-hexoxy.

Halogen atoms as substituents are preferably bromine or chlorine atoms.
In the formula Ia, R; and R, are preferably hydrogen, and R3 is hydrogen or methyl.

Component (a) is parﬁcularly preferably a homopolymer or copolymer comprising
recurring structural units of the formula IIT
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in which

R;, R, and R;, independently of one another, are hydrogen, C,-Cgalkyl, pheny! or halogen.

Component (a) is especially preferably a homopolymer or copolymer comprising recurring
structural units of the formula III in which R, and R, are hydrogen and Rs is hydrogen or
methyl.

Component (b) is preferably a homopolymer or copolymer comprising 5-40 % by weight
of recurring structural units of the formula Ifa and 95-60 % by weight of recurring
structural units of the formula Iib

[ %]
C C .
'_ &) )'(\J (a),
COOH
?8 -
Ro Rn
in which

X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,

R;, R, and Rs, independently of one another are hydrogen, C,-Cgalkyl, Cs5-Cysaryl,
C¢-Cyparalkyl, halogen, -COOH, -COOR; 5 or -CONR;3R 4, where Rjsisan
unsubstituted or C,-Cgalkoxy-, hydroxyl- or halogen-substituted C;-C;galkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R,3 and Ry4, independently
of one another, are hydrogen, C;-C;galkyl, Cs-Cy4aryl or C¢-Cyparalkyl,

R4 is C;-Cqalkyl or phenyl,
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Rg, Rg , Ryg and Ry, independently of one another, are hydrogen, C,-C;zalkyl,

unsubstituted or C;-Cg-alkyl-, C;-Cqalkoxy- or halogen-substituted phenyl, halogen,

C,-C,galkoxy, -COOR, 5, -OCOR;, or -COOH, in which R, is as defined above,

or Rg and Ry together with the carbon atoms to which they are bonded, form a
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C,-Cigalkyl, Cs-Cyqaryl, Cg-Cyqaralkyl or hydroxyl-, alkoxy- or halogen-substituted
phenyl, '

[err] .or [err].in which [err] is as defined above, or [err] ‘m%t éTjHASBJ;EI\T}

with the proviso that the mean molecular weight (weight average) of the copolymer is
1000-500,000 daltons and the content of carboxyl groups is from 0.40 to 5.50 mol/kg.

Component (b) is preferably a homopolymer or copolymer comprising recurring structural
units of the formula Ila in which R, and R, are hydrogen, R; is hydrogen or methyl, and X
is a direct bond.

In the structural units of the formula IIb, Rg and Ry are preferably hydrogen, Ry is
hydrogen or methyl, and R,; is preferably phenyl or -COOR,,, in which R;, is

C,-C,galkyl. Preference is furthermore given to copolymers comprising recurring
H H

i ]
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structural units of the formula o/AN )\ o-in which R;5 is phenyl.
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The homopolymers and copolymers of components (a) and (b) can be prepared in a known
manner by anionic, cationic or group-transfer polymerization or in particular by
free-radical polymerization on the corresponding unsaturated monomers.

The free-radical polymerization or copolymerization can be carried out using various
methods. These have been described, for example, by S. Sandler and W. Karo in
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conventional polymerization processes are bulk and soluuon polymenzauon,
furthermore emulsion, suspension and precipitation polymerization.

If desired, the molecular weight can be adjusted by adding small amounts of a regulator.
The polymerization is generally initiated by a conventional free-radical initiator. These
include thermal initiators, such as azo compounds, for example ¢, 0.'-azoisobutyronitrile
(AIBN), or peroxides, for example benzoyl peroxide, or redox initiator systems, such as
the mixture of iron(Ill) acetylacetonate, benzoin and benzoyl peroxide, or photochemical
free-radical formers, such as benzoin or benzil dimethyl ketal.

The polymerization is preferably carried out in solution. The reaction temperature is
generally in the range from 10 to 200°C, preferably from 40 to 150°C, particularly
preferably from 40 to 100°C.

Any solvent present must be inert under the reaction conditions. Examples of suitable
solvents are aromatic hydrocarbons, chlorinated hydrocarbons, alcohols, ketones and
ethers. Examples thereof are: benzene, toluene, xylenes, ethylbenzene, isopropylbenzene,
ethylene chloride, propylene chloride, methylene chloride, chloroform, methyl ethyl
ketone, acetone, methoxypropyl acetate, isopropanol, cyclohexanone, diethyl ether and
tetrahydrofuran.

Examples of suitable monomers for the preparation of homopolymers or copolymers

containig acid-labile a-alkoxyalkyl ester groups are 1-ethoxyethyl acrylate, methacrylate

and p-vinylbenzoate, 1-butoxyethyl acrylate, methacrylate and p-vinylbenzoate,
1-ethoxy-1-propyl acrylate, methacrylate and p-vinylbenzoate, and tetrahydropyranyloxy
acrylate, methacrylate and p-vinylbenzoate.

Particular preference is given to tetrahydropyranyl acrylate and methacrylate.

The monomers containing acid-labile a-alkoxyalkyl ester groups can be homopolymenzed
or alternatively copolymerized with one or more further monomers.

Examples of suitable monomers for the preparation of copolymers are ethylene,
propylene, styrene, vinyl chloride, vinyl acetate, acrylic and methacrylic acid, methyl
acrylate and methacrylate, ethyl acrylate and methacrylate, butyl acrylate and
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or phenyl,

and 2-hydroxyethyl acrylate and methacrylate.

Preference is given to methyl acrylate, methyl methacrylate, ethyl acrylate, butyl acrylate,
benzyl methacrylate, 2-ethylhexyl methacrylate and 2-hydroxyethyl methacrylate.

The carboxyl-containing homopolymers and copolymers of component (b) can be
prepared analogously by free-radical polymerization of the corresponding unsaturated
carboxylic acids.

Examples of suitable carboxylic acids are maleic acid, itaconic acid, cinnamic acid,
crotonic acid, p-vinylbenzoic acid and in particular acrylic acid and methacrylic acid.

The unsaturated carboxylic acids can be copolymerized with one or more further
monomers, for example ethylene, propylene, styrene, vinyl chloride, vinyl acetate, methyl
acrylate and methacrylate, ethyl acrylate and methacrylate, butyl acrylate and
methacrylate, benzyl acrylate and methacrylate, 2-ethylhexyl acrylate and methacrylate,
2-hydroxyethyl acrylate and methacrylate and N-phenylmaleimide.

Preferred comonomers are methyl acrylate, methyl methacrylate, ethyl acrylate, butyl
acrylate, benzyl methacrylate, tert-butyl acrylate, tert-butyl methacrylate, 2-ethylhexyl
methacrylate and N-phenylmaleimide.

Component (a) in preferred compositions according to the invention comprises at least one
homopolymer or copolymer comprising 20-100 % by weight, in particular 30-100 % by
Weight, of recurring structural units of the formula Ia and 80-0 % by weight, in particular
70-0 % by weight, of recurring structural units of the formula Ib.

Component (b) in the compositions according to the invention preferably comprises at
least one copolymer comprising 5-35 % by weight, in particular 10-30 % by weight of
recurring structural units of the formula Ila and 95-65 % by weight, in particular 90-70 %
by weight, of recurring structural units of the formula IIb.

The mixing radio between components (a) and (b) can vary within a broad range. The
compositions according to the invention preferably comprise 10-95 % by weight, in
particular 20-80 % by weight, of component (a) and 90-5 % by weight, in particular
80-20 % by weight, of component (b), based on the sum of components (a) + (b).
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Component (c) can in principle be any compound which forms an acid on exposure to
actinic radiation which is known to the skilled worker in resist technology, for example
onium salts, disulfones, iron/arene complexes, compounds containing photolabile halogen
atoms (for example halomethyltriazines, tetrabromomethane, etc), sulfonic acid esters, for
example niu'obénzyl sulfonate, oxime sulfonates, o-sulfonyloxyketones, N-hydroxy-
imidosulfonates and N-hydroxyamidosulfonates.

Examplés of suitable photoinitiators are described in EP-A 451 741 and EP-A 568 827.

Component (c) is preferably a photosensitive diazonium, sulfonium, sulfoxonium or
iodonium salt or a photosensitive sulfonic acid ester.

Component (c) is particularly preferably triphenylsulfonium trifluoromethanesulfonate,
triphenylsulfonium hexafluoroantimonate, triphenylsulfonium hexafluorophosphate,
triphenylsulfonium hexafluoroantimonate or a hexafluorophosphate or
hexafluoroantimonate of the following sulfonium ions:

Z“ | ’
N

7 |

x

x

in which m is an integer from 1 to 10.

Component (c) is generally employed in an amount of from 1-20 % by weight, preferably
2-10 % by weight, based on the sum of components (a) + (b).
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photosensitivity at wavelengths of <350 nm. The sensitivity of such compounds at higher
wavelengths can be significantly increased, for example, by adding aromatic
hydrocarbons, such as perylene, pyrene, anthracene and derivatives thereof, phenothiazine
or phenothiazine derivatives, or unsubstituted or substituted thioxanthone. The aminoaryl
ketones disclosed, for example, in US Patent 4 755 450 are also suitable as sensitizers for
sulfonium and iodonium salts. Other suitable sensitizers are the arylidene aryl ketones
disclosed in US Patent 4 162 162.

The compositions according to the invention can include further conventional additives,
for example stabilizers, pigments, dyes, fillers, aghesion promoters, flow-control agents,
wetting agents and plasticizers.

In order to increase the shelf life, it may be expedient to add small amounts of weakly
basic additives to the compositions according to the invention. Examples of suitable basic
compounds are primary, secondary and tertiary aliphatic, cycloaliphatic and aromatic
amines and N-heterocyclic compounds. Examples which may be mentioned are:
triethylamine, tripropylamine, tributylamine, aniline, N-methylaniline,
N,N-dimethylaniline, 1-naphthylamine, 2-naphthylamine, diphenylamine,
ethylenediamine, hexamethylenediamine, 4,4’-diaminodiphenylmethane, 4.4’-diamino-
diphenyl ether, 4,4’-diaminobenzophenone, 4,4’-diaminodiphenylamine, pyrrolidine and
derivates thereof, piperidine and derivates thereof, imidazole and derivates thereof, for
example 4-methylimidazole, 4-methyl-2-phenylimidazole, 4,5-diphenylimidazole and in
particular 1-methylimidazole.

The amount in which the basic additives are expediently added depends essentially on the
amount of acid photogenerator (c), and is preferably 0.01-5.0 mmol, in particular
0.02-2.0 mmol, of basic additive per gram of acid photogenerator.

A stabilizing action is also achieved if the polymers of components (a) and/or (b) contain
small amounts of basic substituents, for example amino groups. In order to prepare such
polymers, a small amount of unsaturated monomers containing basic substituents is added
to the unsaturated starting monomers during the free-radical polymerization. Examples of
suitable monomers containing basic substituents are amino-substituted acrylates, such as
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4-vinylpyridine.

The amount in which such comonomers containing basic substituents are expediently
employed depends essentially on the amount of acid photogenerator (c) and is preferably
0.01-5.0 mmol, in particular 0.02-2.0 mmol, of comonomer containing basic substituents
per gram of acid photogenerator.

The choice of solvent and concentration depends principally on the composition type and
on the coating method. The solvent must be inert, ie. it must not undergo any chemical
reaction with the components and it must be removable again during drying after coating.
Examples of suitable solvents are ketones, ethers and esters, such as methyl ethyl ketone,
2-heptanone, cyclopentanone, cyclohexanone, y-butyrolactone, ethyl pyruvate, dlethylene
glycol dimethyl ether, 2-methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate,
1-methoxy-2-propyl acetate, 1,2-dimethoxyethane, ethyl acetate and 3-methoxymethyl
propionate.

The preferred solvent is methoxypropyl acetate.

The solids content of the compositions depends on the application method and on the
desired coating thickness and is typically from 10 to 80 % by weight.

The solution is applied uniformly to a substrate by known coating methods, for example
by spincoating, dipping, knife coating, curtain coating, brushing, spraying and especially
by electrostatic spraying and reverse-roll coating. It is also possible to apply the
photosensitive coating to a temporary, flexible support and then to coat the final substrate,
for example a copper-laminated circuitboard, by transferring the coating by lamination.

The application rate (coating thickness) and the substrate type (coating support) depend on
the desired area of application. The coating thickness range generally covers values of
about 1 um to about 20 pum, preferably 3-15 um.

.After the coating, the solvent is geherally.removed by drying preferably at temperatures of
from 20°C to 100°C, giving a coating of the composition according to the invention on the
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containing a predetermined pattern and exposure by a laser beam, which is moved, for
example, under computer control, over the surface of the coated substrate.

Radiation sources which can be used are in principle all lamps which emit radiation in the
UV and/or VIS region. Both point light sources and spread emitters (lamp carpets) are
suitable. Examples are: carbon arc lamps, xenon arc lamps, mercury vapour lamps, if
desired doped with metal halides (metal halide lamps), fluorescent lamps, argon
incandescent lamps, electronic flash lamps, photographic flood lamps, electron beams and
X-rays. The distance between the lamp and the novel image material can vary depending
on the application and lamp type and strength, for example between 2 cm and 150 cm.
Particularly suitable are laser light sources, for example argon ion lasers and krypton ion
lasers. Laser light also allows the resist to be exposed without a mask by writing the
controlled laser beam directly on the resist layer. The high sensitivity of the novel
materials is very advantageous here, allowing high writing speeds at relatively low
intensity. This method allows the production of printed circuits in the electronics industry,
lithographic offset printing plates or relief printing plates and photographic
image-recording materials.

In contrast to many known positive photoresist systems based on chemical amplification,
there is surprisingly no need when using the compositions according to the invention to
subject the resist to heat treatment after exposure, known as "post exposure bake", in order
to ensure complete reaction of the acid-sensitive groups in the polymer structure with the
acid generated by the exposure and to remove volatile reaction products.

If desired, however, such heat treatment can be carried out without adverse consequences
for the exposed structures.

After the material has been exposed imagewise in the conventional manner, the exposed
areas of the photoresist are removed by dissolution in a developer.

The choice of the particular developer depends on the type of photoresist, in particular on
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Particularly preferred developers are aqueous-alkaline solutions, as also employed for the
development of naphthoquinone diazide coatings. These include, in'particular, aqueous
solutions of alkali metal silicates, phosphates, hydroxides and carbonates. If desired,
relatively small amounts of wetting agents and/or organic solvents can also have been
added to these solutions.

Examples of typical organic solvents which may be added to the developer fluids are
cyclohexanone, 2-ethoxyethanol, acetone, isopropanol, ethanol and mixtures of two or
more of these solvents.

The radiation-sensitive compositions according to the invention are suitable as

photoresists for electronics, in particular as etch resists for the production of printed
circuits or as microresists for the production of integrated circuits, and for the production -
of printing plates, for example offset printing plates.

In the preferred use of the composition according to the invention, as etch resists, the
metal uncovered by the development, usually copper, can be removed using any known
etchant, for example solutions of iron chloride, hydrogen peroxxde/phosphonc acid,
ammonium persulfate or copper chloride.

The photoresist coating which remains can subsequently be removed by stripping with
strong aqueous bases, for example NaOH or KOH, and/or organic solvents.

The present invention thus furthermore relates a process for the production of relief
structures on a circuit board, which comprises coating a substrate with a composition
according to claim 1 and exposing the film obtained after removal of the solvent
imagewise and subsequently developing the exposed film in an aqueous-alkaline medium.

A preferred embodiment of the invention is a process for the production of relief structures

which comprises the following steps:

(A) coating a copper-laminated substrate with a composition according to claim 1 by
application of liquid resists by known methods;

(B) removal of the solvent by drying at temperatures of from 30°C to 130°C;
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A suitable choice of the polymers of components (a) and (b) also allows the mechanical
properties of the resist composition to be varied within a broad range. For example, use of
hard polymers allows very high mechanical strength to be achieved.

Examples

L. Preparation of the polymers

L1 Poly-2-tetrah 1 methacrylate

A solution of 10 g (59 mmol) of 2-tetrahydropyranyl methacrylate and 0.25 g of
azoisobutyronitrile (AIBN) in 15 g of methoxypropyl acetate is stirred for 8 hours at 80°C
under a nitrogen atmosphere. The resultant solution of poly-2-tetrahydropyranyl
methacrylate (M, = 4435, M,, = 91,593) can be further processed directly (without
isolation of the polymer.

Acid content of the solution: 0.033 mol/kg

Acid content after 9 months at room temperature: 0.040 mol/kg.

12. Copolymer of 2-tetrahydropm. yl methacrylate, methyl methacrylate and

2-ethylhexyl methacrylate
Analogously to Example L1, a solution of 25.2 g (148 mmol) of 2-tetrahydropyranyl

methacrylate, 10.4 g (104 mmol) of methyl methacrylate, 4.4 g (22 mmol) of 2-ethylhexyl
methacrylate and 1 g of azoisobutyronitrile in 60 g of methoxypropyl acetate is stirred for
8 hours under nitrogen. The resultant solution of the copolymer (M, = 7237, M,, = 48,154)
can be further processed directly. :

13. Copolymer of 2-tetrah 1 methacrylate, methyl me : late and

2-hydroxyethyl methacrylate :
A solution of 56.7 g (333 mmol) of 2-teu'ah$'dropyranyl methacrylate, 23.4 g (234 mmol)
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2-tetrahydropyranyl methacrylate, 2.6 g (26 mmol) of methyl methacrylate, 1.1 g _
(9 mmol) of 2-hydroxyethyl methacrylate and 100 g of methoxypropyl acetate. Stirring is
continued at 80°C, and, one hour after the addition, a further 0.5 g of azoisobutyronitrile is
added. The solution is subsequently stirred at 80°C for 6 hours. The resultant solution of
the copolymer (M, = 8103, M,, = 47,096) can be further processed directly.

14. Copolymer of 2-tetrahydropyranyl acrylate and methyl methacrylate
A solution of 34.02 g (218 mmol) of 2-tetrahydropyranyl acrylate, 19.98 g (200 mmol) of

methyl methacrylate and 1.2 g of azoisobutyronitrile in 30 g of methoxypropyl acetate is
added dropwise over the course of 1.5 hours with stirring at 80°C under nitrogen to-a
mixture of 3.78 g (24 mmol) of 2-tetrahydropyranyl acrylate, 2.22 g (22 mmol) of methyl
methacrylate and 60 g of methoxypropyl acetate. Stirring is continued at 80°C, and, one
hour after the addition, a further 0.3 g of azoisobutyronitrile is added. The solution is
subsequently stirred at 80°C for a further 5.5 hours. The resultant solution of the
copolymer (M,, = 8108, M,, = 32,167) can be further processed directly.

LS. Copolymer of methacrylic acid, methyl methacrylate and 2-ethylhexyl
methacrylate

Analogously to Example L.1., a solution of 4.0 g (47 mmol) of methacrylic acid, 12.0 g
(120 mmol) of methy! methacrylate and 4.0 g (20 mmol) of 2-ethylhexyl methacrylate and
0.5 gof azoisobutyrénitrilc in 30 g of isopropanol is stirred for 8 hours under nitrogen.
The resultant solution of the copolymer (M,, = 8691, M,, = 54,540, acid content =

1.13 mol/kg) can be further processed directly.

L6. Copolymer of methacrylic acid, methyl methacrylate and tert-butyl acrylate

A solution of 135 g (1.568 mol) of methacrylic acid, 630 g (6.30 mol) of methyl
methacrylate, 135 g (1.05 mol) of tert-butyl acrylate and 12.5 g of azoisobutyronitrile in
500 g of isopropanol is added dropwise over the course of 2 hours with stirring at 80°C
under nitrogen to a mixture of 15.0 g (174 mmol) of methacrylic acid, 70 g (700 mmol) of
methyl methacrylate, 15.0 g (117 mmol) of tert-butyl acrylate and 1000 g of isopropanol.
Stirring is continued at 80°C, and, one hour after the addition, a further 2.5 g of
azoisobutyronitrile are added.

The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of
the copolymer (M,, = 8880, M,, = 27,422, acid content = 0.75 mol/kg) can be further
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A solution of 34.02 g (200 mmol) of 2-tetrahydropyranyl methacrylate, 14.04 g
(163 mmol) of methyl acrylate, 5.94 g (46 mmol) of 2-hydroxyethyl methacrylate and
1.74 g of azoisobutyronitrile in 30 g of methoxypropyl acetate is added dropwise over the
course of 6 hours with stirring at 70°C under nitrogen to a mixture of 3.78 g (22 mmol) of
2-tetrahydropyranyl methacrylate, 1.56 g (18 mmol) of methyl acrylate, 0.66 g (5 mmol)
of 2-hydroxyethyl methacrylate and 60 g of methoxypropyl acetate. Stirring is continued
at 70°C, and, one hour after the addition, a further 0.18 g of azoisobutyronitrile is added.
- The solution is subsequently stirred at 70°C for a further hour. The resultant solution of

the copolymer (M,, = 9074, M, = 44,877) can be further processed directly.

L8. Copolymer of me: lic acid, methyl methacrylate, ethyl acrylate and
methacrylamide
A solution of 27 g (314 mmol) of methé.crylic acid, 99 g (990 mmol) of methyl
methacrylate, 45 g (450 mmol) of ethyl acrylate, 9.0 g (80 mmol) of methacrylamide and
2.5 g of azoisobutyronitrile in 100 g of methoxypropyl acetate is added dropwise over the
course of 2.25 hours with stirring at 80°C under nitrogen to a mixture of 3.0 g (35 mmol)
of methacrylic acid, 11 g (110 mmol) of methyl methacrylate, 5.0 g (50 mmol) of ethyl
acrylate, 1.0 g (9 mmol) of methacrylamide and 200 g of methoxypropy! acetate. Stirting
is continued at 80°C, and, one hour after the addition, a further 0.5 g of azoisobutyronitrile
is added.
The solution is subsequently stirred at 80°C for a further 4.75 hours. The resultant solution
of the copolymer (M,, = 8547, M,, = 31,820, acid content = 0.84 mol/kg) can be further
processed directly.

19. Copolymer of methacrylic acid, methyl methacrylate and ethyl acrylate

A solution of 27 g (314 mmol) of methacrylic acid, 99 g (990 mmol) of methyl
methacrylate, 54 g (540 mmol) of ethyl acrylate and 2.5 g of azoisobutyronitrile in 100 g
of methoxypropyl acetate is added dropwise over the course of 2 hours with stirring at
80°C under nitrogen to a mixture of 3.0 g (35 mmol) of methacrylic acid, 11 g (110 mmol)
of methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate and 200 g of methoxypropyl
acetate. Stirring is continued at 80°C, and, one hour after the addition, a further 0.5 g of
azoisobutyronitrile is added.

The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of
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o methoxypropyl acetate is added dropwise over the course of 2 hours with stirring at
80°C under nitrogen to a mixture of 2.4 g (28 mmol) of methacrylic acid, 11.6 g
(116 mmol) of methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate and 200 g of
methoxypropyl acetate. Stirring is continued at 80°C, and, one hour after the addition, a
further 1.0 g of azoisobutyronitrile.is added.
The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of
the copolymer (M,, =9275, M,, = 30,304, acid content = 0.61 mol/kg) can be further
processed directly. |

L11. Copolymer of methacrylic acid, methyl methacrylate and N-phenylmaleimide
A solution of 36.0 g (419 mmol) of methacrylic acid, 126 g (1.26 mol) of methyl

methacrylate, 18 g (104 mmol) of N-phenylmaleimide and 5.0 g of Trigonox C (Akzo
product) in 100 g of methoxypropyl acetate is added dropwise over the course of 2 hours
with stirring at 135°C under nitrogen to a mixture of 4.0 g ((26.5 mmol) of methacrylic
acid, 14.0 g (140 mmol) of methyl methacrylate, 2.0 g (11.6 mmol) of N-phenylmaleimide
and 200 g of methoxypropyl acetate.

The solution is subsequently stirred at 135°C for 6 hours. The resultant solution of the
copolymer (M;, =3883, M,, = 10,041, acid content = 0.933 mol/kg) can be further
processed directly.

1.12, Copolymer of 2-tetrahydropyranyl acrylate, methyl methacrylate and
2-dimethylaminoethyl methacrylate

A solution of 56.7 g (333 mmol) of 2-tetrahydropyranyl methacrylate, 33.0 g (33 mmol) of
methyl methacrylate, 0.27 g (1.72 mmol) of 2-dimethylaminoethyl methacrylate and 2.0 g
of azoisobutyronitrile in 50 g of methoxypropyl acetate is added dropwise over the course
of 2 hours with stirring at 70°C under nitrogen to a mixture of 6.3 g (37 mmol) of
2-tetrahydropyranyl methacrylate, 3.67 g (36.7 mmol) of methyl methacrylate, 0.03 g
(0.19 mmol) of 2-dimethylaminoethyl methacrylate and 100 g of methoxypropyl acetate.
Stirring is continued at 70°C, and, one hour after the addition, a further 0.5 g of
azoisobutyronitrile is added. | |
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I.1. Positive etch resist

A solution of 0.23 g of the photoinitiator Degacure® KI 85 (Degussa) and 0.04 g of
9-methylanthracene in 3 g of methoxypropyl acetate is added to a mixture of 2 g of the
solution from Example I.1. and 3 g of the solution from Example 1.6. The resultant resist
solution is filtered and subsequently applied to a copper-laminated substrate (18 pm of
copper) by means of a K-bar coater (36 um). The coated substrate is dried for 10 minutes
at room temperature and subsequently for 15 minutes at 80°C, giving a resist film with a
thickness of 9 um. Exposure is carried by means of a PR 340 ORC printer, SMX 7000H
lamp, using a 21 step Stouffer sensitivity guide as mask (sec W.S. DeForest, "Photoresist",
McGraw-Hill Book Co., N.Y., pp. 109 ff.). The exposed energy is 80 mJ/cm?. After about
5 minutes, the exposed plate is developéd for 120 seconds with a 1% aqueous Nay,CO;
solution (30°C, spray pressure 2 bar). After etching with CuCl,/HCl solution at 45°C, a
relief image with the final imaged step being No. 4 is obtained. Structures of 50 um are
well resolved.

The resist is subsequently removed by immersion in aqueous 5% NaOH solution at 30°C.

IL2. Positive etch resist

A solution of 0.23 g of the photoinitiator Degacure® KI 85 (Degussa) and 0.04 g of
9-methylanthracene in 3 g of methoxypropyl acetate is added to a mixture of 3.5 g of the
solution from Example L2 and 1.5 g of the solution from Example L.5. The coating,
exposure, development and etching are carried out in the same way as in Example I1.1.
The exposure energy is 80 mJ/cmZ. The development time is 120 s at 22 °C and a spray
pressure of 2 bar. A relief image with the final imaged step being No. 3 is obtained.
Structures of 25 um are well resolved.

IL3. Positive etch resist
A solution of 0.23 g of the photoinitiator Degacure® KI 85 (Degussa) and 0.04 g of
9-methylanthracene in 3 g of methoxypropyl acetate is added to a mixture of 2.5 g of the
solution from Example L2 and 2.5 g of the solution from Example 1.6. The coating,
exposure, development and etching are carried out in the same manner as in Example IL1.
Exposure energy: 80 mJ/cm?
Development time: 120 s (30°C/spray pressure 2 bar)

~ Final imaged step: No. 3
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mixture of 1.5 g of the solution from Example 1.2 and 4.67 g of a 30 % solution of
Scripset 550 in methoxypropy! acetate. The coating, exposure, development and etching
are carried out in the same manner as in Example II.1.
Exposure energy: 125 mJ/cm?
Development time: 120 s (35°C/spray pressure 1 bar)
Final imaged step: No. 1
Resolution: 25 pm
A comparative test with the solution from Example 1.2 after storage for 9 months at room
temperature shows no difference.

ILS. Positive etch resist

A solution of 0.16 g of the photoinitiator Cyracure 6990 (Union Carbide), 0.04 g of
Quantacure ITX (Octel Chemicals) and 0.01 g of Orasolblau GN (Ciba) in 3 g of
methoxypropyl acetate is added to a mixture of 3.0 g of the solution from Example 1.3 and
2.0 g of the solution from Example L5. The coating, exposure, development and etching
are carried out in the same manner as in Example IL 1.

Exposure energy: 150 mJ/cm?

Development time: 100 s (30 °C/spray pressure 1 bar)

Final imaged step: Nr. 2

Resolution: 25 um

IL.6. Positive etch resist

A solution of 0.16 g of the photoinitiator Cyracure 6990 (Union Carbide) and 0.04 g of
Quantacure ITX (Octel Chemicals) in 2.17 g of methoxypropyl acetate is added to a
mixture of 2.5 g of the solution from Example 1.4 and 3.33 g of a 30 % solution of
Scripset 550 in methoxypropyl acetate. The coating, exposure, development and etching
are carried out in the same manner as in Example I1.1.

Exposure energy: 30 mJ/cm?

Development time: 63 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm



The sol.ids content of the conpositions depends on the applicairﬁmsqghﬂqqiMSBEENJ
ant on the desired coating thickness and i-s typically from 10lit o 80x%bynen

wei ght. The_solution is applied uniformly to a substrate by khows—egatit-Ag——a
met hods, for exanple by spincoating, dipping, knife-coating, curtain

coati ng, bru3%hs iget HapBaay RepthcaNd especi al ly by el ectrostatic spraying and
reverse-roll iiHll al so possi bl ej9o apply the photosensitive

coating to at I\|ki bl e support and then to coat the fina

substrate, for exanple a copper-lam nated circuitboard, by transferring the
coating by |lamnation. The application rate (coating thickness) and the
substrate type (coating support) depend on the desired area of application.

The coating thickness range generally covers values of about 1 [err] to

about 20 [ erLY.PgsitiecetchyiesisB- 15 [err]. After the coating, the solvent is

general |y reQpygdoys 0187 ig'f iy piofdimiihitr EYrac@RIBI7a I(Unida Qirbide) 08gy of] to
[errl, giving 3 uson 1130 St AeniB oG 0b 5 07 PRGE it S%b Rewhyl 64 & O
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
" added to a mixture of 7.0 g of the solution from Example 1.3 and 3.0 g of the solution from
Example 1.8. The coating, exposure, development and etching are carried out in the same
manner as in Example IL1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 114 mJ/cm?
Development time: 70 s (30°C/spray pressure 1 bar)
Final imaged step: No. 2
Resolution: 25 um

IL.8. Positive etch resist

A solution of 3.2 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.8 g of
Quantacure ITX (Octel Chemicals), 0.4 g of Pergascriptblau S-RB (Ciba), 0.2 g of triazine
A ((PCAS) and 0.1 g of Orasolblau GN (Ciba) in 22.7 g of methoxypropyl acetate is
added to a mixture of 50 g of the solution from Example L3 and 50 g of the solution from
Example L.9. The coating, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a 64 g roller coater is used for the coating and a Staub LB
65-1/5000 W lamp is used for the exposure.

Exposure energy: 114 mJ/cm?

Development time: 80 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm

I1.9. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
added to a mixture of 3.0 g of the solution from Example 1.3 and 7.0 g of the solution from
Example 1.10. The coating, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 114 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 1

Resolution: 25 pm



substrate. In order to produce relief structures, the substraté g;ge,q;_g\ffmb SEE
t he conposition according to the invention is exposed | magew sg| t 0 agidekeep

radi ati on. Wadl ation" is generally taken to rmﬂw—%—-——-———-;
VIS radiatiogn, preferably in the wavel ength range of 220-550 nm The term

"i magew se" TH sBeenRelasedo0t h exposure through a phot omask containing a
pr edet er m neq] xposure by a 412ker beam which is noved, for
exanpl e, unde¢ trol, over the surface of the coatéd substrate.
Radi ati on sources which can be used are in principle all lanmps which emt

radiation in the U/ and/or VIS region. ‘Both point |ight sources and spread
emtters (lanp carpets) are suitable. Exanples are: carbon arc |anps, xenon

arc | anps, {6: vapour Lanps, if desired doped with nmetal halides (netal
hal i de | amﬁ——&é&l@&@&ﬂams argon i ncandescent |anps, electronic
flash | anps A sphationgpf4}32 g of the pHotoinitistor Cyreaire 6874 Fmion Larbide); 0.08 g ofhe
di st ance beqﬁﬁ q—rga( V, ndi ng
on the appli 'on an F% aﬂ pe a?}?&%$bﬁ%§a@g{rﬁueu%npi g: %@fﬁ(ﬂ%&g cm and
150 cm Par tuiazineah |(9’Cs%ﬁ)taa§ 18 of Qraselblan G (Ciba)indeg of methoxyprepylkace
;gnolsgz e\rMst %&%mﬁgm 8rs. bI%f(Ithﬁe sdhgﬁﬁr&émmhnﬁim #id 205 dfike m&iﬁé@ be
P % pﬂ:lnﬁ) i’hegogt\{ng, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 130 mJ/cm?
Development time: 70 s (30°C/spray pressure 1 bar)
Final imaged step: No. 4
" Resolution: 25 pm

IL.11. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g
Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is added to a mixture of 5.0 g of
the solution from Example 1.4 and 5.0 g of the solution from Example L11. The coating,
exposure, development and etching are carried out in the same manner as in Example IL.1,
but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 130 mJ/cm?

Development time: 100 s (25°C/spray pressure 1 bar)

Final imaged step: No. 4 :

Resolution: 25 um

IL12. Positive etch resist
' A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto), 0.63 mg of
N-methylimidazole and 0.01 g Orasolblau GN (Ciba) in 5.7 g of methoxypropy] acetate is
added to a mixture of 5.0 g of the solution from Example 1.4 and 5.0 g of the solution from
Example I.11. The coating, exposure, development and etching are carried out in the same
manner as in Example IL.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 200 mJ/cm?

Development time: 40 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm




controlded Faser—he "rectly on the resist | ayer. The high s¢ n%}é 1_,
t her novel” ma rlals I s very advant ageous here, allow ng high wij tlng a
f—pr :

:5

at relativel yf Bers Replacegl N1 S Net hod al | ows t he production P
circuits in td ﬁ i ndustry, lithographic offset printing pla at es
or relief pri %d phot ographi c i.nage-recording materials. In
contrast to many known po I ve photoresiMt- systens based on chem cal

anplification, there is surprisingly no need when using the conpositions
according to the invention to subject the resist to heat treatnment after
exposure, known as "post exposure bake", in order to ensure conplete

reaction of iiepgstive SEhgdsikve dgroups in the polymer structure vm' t h the

acid generate aﬁexp ure and to renove volatil e reactlon uct s.
desired, ho%é@éqmng Wé%?“r gg ver se

ConsequenceQummbm g@&ecth&hicum otuh@wmm thgsofbeen

hot or esi ot RPEOY AR Cﬁ&@%b&%}&“@“iém %‘Eé%?na%eoareas Eaesaits,

particul ar addedito pmmxdn@eflﬁﬁ gof thewolutionefronh BpimpleTdsand!5.0 g of thersblutioh fronon

Example L11. The coating, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 200 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm

IL.14. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.2 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
added to a mixture of 4.0 g of the solution from Example 1.7 and 6.0 g of the solution from
Example I.11. The coating, exposure, development and etching are carried out in the same
manner as in Example II.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 130 mJ/cm? |

Development time: 60 s (30°C/spray pressure 1 bar)

Final imaged step: No. 5

Resolution: 25 pm

IL15. Positive etch resist

A solution of 0.16 g of the photoinitiator (4-nitrophenyl)methyl
9,10-dihydroxy-2-anthracenesulfonate, 0.4 g of Pergascriptblau S-RB (Ciba), 0.2 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate
is added to a mixture of 4.0 g of the solution from Example 1.7 and 6.0 g of the solution
from Example I.11. The coating, exposure, development and etching are carried out inthe
same manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the
exposure. '

Exposure energy: 130 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 2

Resolution: 25 um



-12- the nature of the binder used or the photolysis products fﬁdgﬁ% The

devel, oper can conpri.se aqueous sol utions of bases to which orgafi *\’)-:eEth"ér% BEI
or mxtures thereof may havebeen added. Particularly pr ef err edjldevel BLACED

are aqueous- @Héﬁﬂebﬂ-ﬁsﬁe%' II{[IOI’I as al so enployed for the devel opnent o

napht hoqui non s. These i'nclude, in particular, aqueous

sol utions of glﬂm | i cates, phosphates, hydroxi des and carbonat es.

| f desired, anounts of wetting agents and/or organic

sol vents can al so have been added to these solutions. Exanples of typlcal
organi ¢ solvents which may be added to the devel oper fluids are

cycl ohexanong &t fa&gp! . acetone, isopropanol, ethanol and n1xtures
of two or nts. The radi ation-sensitive conpositians

according t d’*ﬁﬂ@“?%?@ﬂ-@?&?féli‘eep@mm%m Qragwrs 6874 Union Gaghide) QBB &M cs, in
particul ar aguitaird EIX EO&e] Ohientibas)p0.09 ¢ MUltfbwiMds&flo) and 0.01 g of

Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is added to a mixture of 5.0 g of
' the solution from Example L.11 and 5.0 g of the solution from Example L.12. The coating,

exposure, development and etching are carried out in the same manner as in Examplé L1,

but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 200 mJ/cm?

Development time: 135 s (30°C/spray pressure 1 bar)

Final imaged step: No. 2

Resolution; 25 pm

IL17. Positive etch resist

A solution of 0.16 g of the photoinitiator diphenyliodonium hexafluoroarsenate, 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g
Orasolblau GN (Ciba) in 5.7 g of methoxypropy! acetate is added to a mixture of 5.0 g of
the solution from Example L11 and 5.0 g of the solution from Example 1.12. The coating,
exposure, development and etching are carried out in the same manner as in Example II.1,
but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 130 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 5

Resolution: 25 um



circuits or as m.croresists tion «of |ntegrated |[]_
for t nti Ml il‘j} ,!'jl, hrrple of fset prign i R%E%'Ré SBEEN
In the referred use of the c ing to the inventian '

renoved etchant, for ‘exanple solutions of iron chloride,
hydr oge phoric acid, ammoni.igppersul fate or copper chloride. -
The photoresi st coating which remai ns can subsequently be renoved by
stripping with strong aqueous bases, for exanple NaOH or KOH, and/or
organi ¢ sol vents. The present invention thus furthernore rel-ates a process
for the prodgﬁﬁé figstructures on a circuit board, which conprises
coating a su ateQﬁd$¢$Eﬁconp05|tlon according to claim1 and exposing
the filmobtained after renoval of the solvent inagew se and subsequently
devel opi ng th%%&ﬁﬁ% PhdtbleSisi ddnifosiiOH Which GHnMR! deRElop@DinWdueddsialieline hivdia,
enbodi nent of the.invention is a process for the production of relief
structures WHTRFIE¥hpri ses the fol l owing steps: (A) coating a

copper - | am nés) atlleastiont heinepalymbr or copoiyaser comainiipcavidilabije trealkdxyialkyl edost
application &foui,é quid resists by known net hods;

resi st J Replwed er ed by t he devel opnent, usually copper, can be

.

(b) at least one carboxyl-containing copolymer in which the content of carboxyl groups is
from 0.40 to 5.50 mol/kg, '

(c) at least one compound which forms an acid on exposure to actinic radiation, and

(d) an organic solvent.

2. A composition according to claim 1, in which component (a) is a homopolymer or
copolymer comprising 8-100 % by weight of recurring structural units of the formula Ia
and 92-0 % by weight of recurring structural units of the formula Ib

A
C (]
1 1
R, X

)\ Ry H (Ta),

0% No— c c —R,
OR, Re

Fl‘a l?10
?—? (Ib),
Re Ry

in which

X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,

R}, R; and R3, independently of one another are hydrogen, C;-Csalkyl, C5-Cyqaryl,
Cg-Cyparalkyl, halogen; -COOH, -COOR,, or -CONR;3R,4, where R, is an _
unsubstituted or C,-Cgalkoxy-, hydroxyl- or halogen-substituted C,-C;galkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R;3 and R4, independently
of one another, are hydrogen, C;-C;galkyl, C;-C,4aryl or Cg-Cyparalkyl,

R4 is C;-Cqalkyl or phenyl,

R4 is hydrogen or C;-Cgalkyl, and

Rg and R4, independently of one another, are hydrogen, C;-Cgalkyl or C,-Cgalkoxy,



(B) removal of the seJ—\feﬁt—by—d%yﬂ—ﬁg—af tenperatures of from [fex E]S*EEQEﬁTHASBEEN

[e¥r]; - - 13 - (C) l.c radiation through a nm Ol’g Y_AGED
nmeans of direct |ase mﬂﬂml";ml "i w ‘devel opnent usi ng aqued
or semni aqueous- al kal i ne "devel opers sol uti ons; (E) e{—em—ng—w_t_h_au_dw_ or
weakl y al kal i ne etchants; (F) renoval of the phot or esi st coati ng which .

remains by stripping wt h strong aqueous-Bé4ses andT?lﬁ ﬁb'iﬂl%@nkqiwﬁn

Particular mention should be made of the extrenely abi I i ty
of the individual conponents and the resultant coati
sui tabl e choi ce of the pol yrrers of conmponents (a) and (b) also a ovvs t he

rechani cal - RiaRgIk iraicals Y R BROBE VR toaltn R bt 2 whioh 02

range. For exarrpl e, use o | ows very hi gh nechani cal
strength to they areiboadedy °"Ek%15rp‘|° embe ring,

Rs, Rg , Ry and Ry;, independently of one another, are hydrogen, C;-Cygalkyl,
unsubstituted or C;-Cg-alkyl-, Cl-CGalkbxy- or halogen-substituted phenyl, halogen,
C,-C,salkoxy, -COOR,,, -OCOR;, or -COOH, in which R, is as defined above,

or Rg and R together with the carbon atoms to which they are bonded, form a

five-membered ring having the structure % )\ o’ in which Ry s is hydrogen,

|
Ris

C,;-C,galkyl, Cs-Cyqaryl, Cg-Cyparalkyl or hydroxyl-Q alkoxy- or halogen-substituted
phenyl,

with the proviso that the mean molecular weight (weight average) of the homopolymer or
copolymer is 1000-500,000 and the amount of COOH groups is at most 0.4 mol/kg.

3. A composition according to claim 2, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula Ia in
which R; and R, are hydrogen and R5 is hydrogen or methyl.

4. A composition according to claim 2, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula III

[ e
|
|. R2 _| (m)’
o) 0 o)

in which
Ry, R, and Rg, are as defined in claim 2.

5. A composition according to claim 4, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula IIl in
which R, and R, are hydrogen and R; is hydrogen or methyl.



| . Preparation of the polymers T. I Pol y- 2-t et r ahydr opyr anyl; SSL AT
A sol.ution of 10 g (?ﬂi"ﬁﬂmm”m r ahydr opyr anyl nethacryl atjp and PE% gBEE
of azoisobutyronitril@ l&fw of met hoxypropyl acetate stirre

for 8 hours at 800C undef. a‘ ni%rdgen at nosphere. The-rtesuttant sol ution of

pol y- 2-t et rahydropyranyl nethaciylate ([err] = 4435, %{grr :Ha% ect Raplade@n be
further processed directly (wthout isolatdson of the, $ nt ent
of the solution: 0.033 nol/kg Acid content after 9 m)ntui ﬂ“lﬁﬂl’ﬁ n
tenperature: 0.040 nol/kg. L2. Copol yner of 2-tetra

met hacryl ate. methyl nethacrylate and 2-ethyl hexyl methacryl ate Anal ogously
to Exanple lg itdd : ; Meange) ' yranyl :
met hacryl at eg %8::31?8&1?610%&% %éo%m%e%#gf_é mtﬁ%%ﬁgsbg%%qﬁ%s%;@Z mol ) _of
2- et hyl hexy| DorReRPARR orcopalymer comprising 3140 Fb by yyeight of recarring siryciyral units of
met hoxypr opythe #Geiulia Haiadd 95160/% @yfvﬁvi%lﬁ of faciifring vkl uhit9 6Mthe Torenul£HY! t ant
solution of the copolyner [err] = 7237, [err] = 48,154) can be further
processed directly.

Y

Lo ]
y : ' (IIa),
l_ Ra x\_l
"COOH
I?S Fl‘w
?‘—(': (nb)s
Ry Ry

in which R;, Ry, R3, Rg, Ry, Ryg, R;; and X are as defined in claim 2, with the proviso that
the mean molecular weight (weight average) of the copolymer is 1000-500,000 daltons
and the content of carboxyl groups is from 0.40 to 5.50 mol/kg.

7. A composition according to claim 6, wherein component (b) is at least one
homopolymer or copolymer comprising recurring structural units of the formula (IIa), in
which R; and R, are hydrogen, R; is hydrogen or methyl and X is a direct bond.

8. A composition according to claim 6, wherein component (b) is at least one copolymer
comprising recurring structural units of the formula (IIb) in which Rg and Rg are
hydrogen, R, is hydrogen or methyl and R;, is phenyl or -COORj,, in which Ry, is
C;-C,galkyl, or at least one copolymer comprising recurring structural units of the formula

o-T
O-I

o N o’ in which Ry5 is phenyl.

|
Ris

9. A composition according to claim 2, wherein éomponent (a) is at least one
homopolymer or copolymer comprising 20-100 % by weight of recurring structural units
of the formula Ia and 80-0 % by weight of recurring structural units of the formula Ib.



L3 ., <« Copol ymer. of Z2-tetrahydropyranyl nethacrylate, mnethyl ' :
and 2- hydr oxyet hyl | ution of 56.7 g (333 mmol } B#S SHEET HAS BEET
2-t et rahydropyranyl ﬁg[’" au Egl 4 g (234.mmol) -14- of {{net hyREPLACED

¥ Ofs — -

nmet hacrylate, 9.9 g (*76¢nmb -=Nydr oxyet hyl -rethacrytate—afit—2—g Of
azoi sobutyronitrile in 50 g of methoxypropyl acetate is added dropw se over

the course of one hour with stiring at [er2§- undefhi t cp Replaced xt ur e of
6.3 g (37 mol) of 2-tetrahydropyranyl nethacryl.at ) of
met hyl. nethacrylate, 1.1 g (9 mol ) of 2-hydroxyet it e and 100

g of nethoxypropyl acetate., Stirring is continued at [err] and, one hour

after the adggta %Bmpésifib‘:i hétRrdiflg B daif é,ﬂftﬁ'réﬁ’ E&Bgérﬂ:'ﬂt t)lid & 163t S5ORPolyhite

solution is subseguegtly ti rr,ed-:i\t [err] for pureé. '¥he .regulﬁ%&g&

sol ution of FHBPEYRS Sﬁﬁe%ﬁiyéﬁ"?lﬁh@ geying wructural upits phse fermplg,da 6P %

processed di bgaveight of returring stupsikal waits of the forffulefiy.dr opyr anyl acryl ate and
nmet hyl nmet hacryl ate o _

11. A composition according to claim 1, comprising 10-95 % by weight of component (a)
and 90-5 % by weight of component (b), based on the sum of components (a) + (b).

12. A composition according to claim 1, wherein component (c) is a photosensitive
diazonium, sulfonium, sulfoxonium or iodonium salt or a photosensitive sulfonic acid
ester.

13. A composition according to claim 1, wherein component (c) is triphenylsulfonium
trifluoromethanesulfonate, triphenyisulfonium hexafluoroantimonate, triphenylsulfonium

hexafluorophosphate, triphenylsulfonium hexafluoroarsenate or a hexaﬂuorophosph}tte or
hexafluoroantimonate of the following sulfonium ions: '

OO0

-0

in which m is an integer from 1 to 10.
14. A composition according to claim 1, wherein component (d) is methoxypropy!l acetate.
15. A process for the production of relief structures on a circuit board, which comprises

coating a substrate with a composition according to claim 1, and exposing the film
obtained after removal of the solvent imagewise and subsequently developing the exposed



A sol uti on of 34—92—9—62—]:8—%1—)—494‘ 2- tetrahydropyranyl acryl at —T %&E SBEE
| e 'i'n

(200 .mmol ) of rret and 1.2 g of azoisobutyronitr
of met hoxypropyl Im Iﬁm m w dropW| se over the course of 1i5-hours — —~
with stirring at s ogentoamxtureOi-_&Mmml) of
2-tetrahydropyranyl acrylate, 2.22-g° (22 mmol) of nethyl mnet hacrmnd

60 g of methoxypropyl acetate. Stirring Ly7conti nuedTﬁiS}{e&nLraJB e R,

hour after the addition,  a further 0.3 g of azoi sobut ded
The solution is subsequently stirred at [err] for a f f"”z !wl!ﬁ The
resul tant solution of the copolyner [err] = 8108, [err n be

further pro Copol ynmer of net hacryllc aci d. nethyl
met hacryl at gﬁgf@%?%gpﬁ&#hex \:h e hEEr vl ate Anal ogously to Exanple L1., a
solution of 4.0 g (47 mml) of methacrylic acid, 12.0 g (120 mol) of

met hyl et hagy, Wl fbéess Bécotdifl %élﬂﬁh ma.cxpémaﬁeme%um tdpgcryl ate and

nder ni trogd. oA B R o e s A CUBpH ORI 0ARBGRLY [ or 1]
= 54,540, acid capphemon%f];qi;ﬂ resikts bg)m@ﬁiilnﬁﬂzddb;r t her processed directly.
L0 | at o 0P emBlar B R it By Bt ar TohPerhrurdF S BRGH 40 f PSS © - Ut

(C) exposure to actinic radiation through a mask or by means of direct laser irradiation;

(D) development using aqueous-alkaline or semiaqueous-alkaline developer solutions;

(E) etching with acidic or weakly alkaline etchants;

(F) removal of the photoresist coating which remains by stripping with strong aqueous

bases and/or organic solvents.



A sol ution of 135 g (1.568 nol) of nethacrylic acid, 630 g (6.30 nol) of
met: hyl methacrylate, 135 g (1.05 mol) of tert-butyl acrylate and 12.5 of
azoi sobutyronitrile in 500 g of isopropanol is added—{d1Le]orvvryef’tjv’e‘r‘t’h’é—g
course of 2 hours with stirring at [err] under nitrogeﬁ—fo—'a‘rﬁ'm
15.0 g (174 mol) of nethacrylic acid, 70 g (700 mvl) of “methyl - -
met hacrylate, 15.0 g (117 mmmol) of tert-hugyl acrylate and 1000 g of"
i sopropanol . Stirring is continued at [err], and, one hour after the
addition, a further 2.5 g of azoisobutyronitrile are added. The solution is
subsequently stirred at [err] for a further 5 hours. The resultant sol ution
of the copoli;&qﬁvé h I,%l_,’fiSSO [err] =27,422, acid content = 0.75 nol /-kg)
can be furth'E'l——i-ért‘lsJ——p'rocessed di rectly l.7. Copol ymer of
2-tetrahydropyranvl nethacrylate nethyl acrylate and 2-hydroxyet hyl

met hacryl at € Apstract of the disclosure

.:_’-

Positive photoresist compositions which can be developed in aqueous-alkalme media,
comprising ’

() at least one homopolymer or copolymer containing acid-labile c-alkoxyalkyl ester
groups,

(b) at least one carboxyl-containing copolymer in which the content of carboxyl groups is
from 0.40 to 5.50 mol/kg,

(c) at least one compound which forms an acid on exposure to actinic radiation, and

(d) an organic solvent,

have high photosensitivity, a long shelf life of the components and of coatings produced
therefrom and are particularly suitable as etch resists for the production of printed circuits.



A sofution of 34.02 g (200 mmol ) of 2-tetrahydropyranyl net ha%p@iat el

g (163 mmol) of nethyl acrylate, 5.94 g (46 mmol) of 2-hydrox

nmet hacrylate and 1.74 g of azoisobutyronitrile in 30 g of met progy$ 1996

acetate is added dropw se over the course of 6 hours wth st|ri ng .4 E‘MN -

under nitrogen to a mixture of 3.78 g (22 mmol).of 2-tetrahydropyranyl

net hacrylate, 1.56 g (18 mmol) of nethyl acrylate, 0.66 g (5 mmol) of

2- hydroxyet hyl nethacrylate and 60 g of met hoxypropyl acetate. Stirring is

continued at [err], and, one hour after the addition, a further 0.18 g of

azoi sobut yroni tri | ePositivechietbresihe sol ution is subsequently stirred at [err]

for a further hour. The resultant solution of the copolyner [err] = 9074,

[err] = 44,877) can cess

met hacrylic acid, me r%slén“ °“n '?l o a@?ﬁ%‘fe pggtf’éf‘éttcgmg?fbmﬁgv?‘ﬁ:g@%%am de A

solution of 27 g (3‘1‘521’e ‘5'3%0‘#5#%@?‘9@ %PGP@?S@TWWWP’?W*WH hyl

net hacryl ate, 45 g §{vibGresnxihg thisfphetbieyibt campasitiohe, 9.0 g (80 mmol ) of

met hacryl am de and 2.5 g of azoi sobutyronitri le in 100 g of met hoxypropyl

acetate is added dr Yer the. co 25 hours with.s at

[err] under nit rogeﬁﬁ;[,%lsl tpfﬁ'dgc%f‘ gmgefﬁt'% ‘ﬁerSBF“bﬁﬁ‘?fé% 'E'G%Eﬁnad

11 g (110 nmol) of eumEps ctaketepiste Mhicheqntaina binder cangrinirgycid-sesitiveiggqups and an acid
photogenerator.

JP Kokai Hei 02-248952 describes photoresist compositions based on phenolic resins all
or some of whose hydroxyl gmups are substituted by tetrahydropyranyl ether groups.
These compositions are distinguished by a high resolution capacity. However, they have
the disadvantage of requiring heat treatment after exposure.

JP Kokai Hei 05-17711 discloses an etch resist composition comprising a copolymer of
(meth)acrylic acid, tetrahydropyrany! (meth)acrylate and an alkyl acrylate and an acid
photogenerator. This composition is deposited on the substrate by electrodeposition
coating, giving a film of high homogeneity. However, the photosensitivity of this resist is
relatively low. In addition, this process also requires heat treatment after exposure.

US Patent 5 252 427 describes copolymers which contain both acid-sensitive groups and
free acid groups and which can be used in combination with conventional acid
photogenerators as etch resists. However, the thermal stability of both the copolymers and
the coatings produced therefrom is inadequate for certain applications.

The mixtures of copolymers containing acid-sensitive groups and copolymers containing
free acid groups which are described in EP-A 568 827 can also be employed in
combination with conventional acid photogenerators as base resins for positive
photoresists. These photoresists again have the disadvantage of relatively low
photosensitivity and of requiring heat treatment after irradiation.

It has now been found that the use of mixtures of specific organic homopolymers or
copolymers gives photoresist materials of high photosensitivity which do not require

thermal aftertreatment, have a long shelf life and give relief structures of good resolution.

The present invention relates to a positive photoresist composition which can be



acrylate, 1.0 g (9 nmol) of methacryl anide and 200 g of met ho
acetate. Stirring is continued at [err], and, one hour after t
a further 0.5 g of azoisobutyronitrile is added. The sol ution{j
subsequently stirred at [err] for a further 4.75 hours. The rests
solution of the copolyner [err] = 8547, [errh 31,820, acid content =.0.84
nol / kg) can be further processed dlrectly l.9. Copol ynmer of nethacrylic
acid nethyl nmethacrylate and ethyl acrylate A solution of 27 g (314 mol)
of nmethacrylic acid, 99 g (990 mml) of nethyl nethacrylate, 54 g (540

mrol ) of ethyl %{,éﬂ,ﬁgdqn ws-alkAlin® inedal M&,ﬁronitri le in 100 g of

met hoxypr opyl %t aﬁﬁ}& dded drorpvm se_over the, course of hours with
stirring at [er mOpRlymer pr copplymer containing agiddabile-x-alkpxyplicy} ester

nmet hacrylic aci groups, g (110 nmmol) of nethyl nethacrylate, 6.0 g (60 nmmol) :
of ethyl acryl atg ﬁ'i&ist?&@cﬁ-bei yIEBARRINSRbARNYhed %%%e@n@fb%y%ﬂs%ecj

at [err], and, qne r he addltlon a further 0.5 g o
azoi sobut yr oni t&fq“bgggmagg@ mt%e solution is subsequently stirred at [err]
for a further 5 (Bohleast o‘ﬁheomwnﬂt\wdﬁnh formhs A apid amfexposure to actinic radiation, and

(d) an organic solvent.

Component (a) is preferably a homopolymer or copolymer comprising 8-100 % by weight
of recurring structural units of the formula Ia and 92-0 % by weight of recurring structural
units of the formula Ib '

R
3
Cc
X
/l\ Rs H | (a),
o O—C—G—H7

c—C (Ib),

in which

X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,

R;, R, and R, independently of one another are hydrogen, C,-Cgalkyl, Cs-C, 4aryl,
Cs-Czoaralkyl, halogen, -COOH, -COOR12 or -CONR13R14, where Rn isan
unsubstituted or C,-Cgalkoxy-, hydroxyl- or halogen-substituted C;-C,galkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R,3 and R,4, independently
of one another, are hydrogen, C;-C;galkyl, C5-C;4aryl or Cs-Omara]kyl '

R4 is C;-Cgalkyl or phenyl,

Ry is hydrogen or C;-Cgqalkyl, and

R and R4, independently of one another, are hydrogen, C,-Cgalkyl or C;-Cgalkoxy,

or two of the radicals Ry, Rs, Rg or Ry, together with the carbon or oxygen atoms to which
they are bonded, form a 5- to 8-membered ring, '
Rg, Rg , R;p and R;y, independently of one another, are hydrogen, C;-C;galkyl,



-16-“the‘copolyner [err] = 8993, [err] = 43,314, acid content
can be further processed directly. 1.10 Copol ynmer of neth
met hyl nethacrylate and ethyl acrylate A solution of 21.6 g ( o) )9 JAN 8%
nethacrylic acid, 104.4 g (1.04 nol) of nethyl nethacryl ate, P CRA

= : y / oY -&-.[-s A ¢ 2
RﬁL%'iLé"C?&@i‘ = !‘:géh EET

mol ) of ethyl acrylate and 4.0 g of azoi so_béjgyronitrile in 100 g of

met hoxypropyl acetate is added dropw se over“the course of 2 hours with
stirring at [err] under nitrogen to a m xture of 2.4 g (28 mmol) of

met hacrylic acid, 11.6 g (116 mmol) of methyl nethacrylate, 6.0 g (60 mmol)

f ethyl | ) f | t AR ' ti d
o ettt a1 i B 610G A By i bl
azoi sobut yr oni t CitCasalkoxys QPR BMOCQRI of SFOPH. ig whichRye inasgdefinadrabeve,at [err]

for a further 5ohRyamd Ryjhegekis with dtizicafboh diohBto @hich iRy afiinged forined | =9275,
[err] =30,304, acid content = 0.61 nol/kg) caRg bl'a,of urt her. processed
directly. .

c—C
five-membered ring having the structure O/ku )\o , in which R is hydrogen,

|
Rys

C;-C;galkyl, Cs-Cy4aryl, C4-Cygaralkyl or hydroxyl-, alkoxy- or halogen-substituted
phenyl, _

with the proviso that the mean molecular weight (weight average) of the homopolymer or
copolymer is 1000-500,000 and the amount of COOH groups is at most 0.4 mol/kg.

The divalent radical X can be any divalent aliphatic, cycloaliphatic, aromatic, araliphatic
or heterocyclic radical having 1-18 carbon atoms and may, if desired, contain hetero
atoms, such as O, N or S, or functional groups, such as carbonyl groups or ester groups.

The term non-basic nitrogen atoms is taken to mean quaternized nitrogen atoms or
nitrogen atoms containing electronegative substituents, for example carbonyl groups.

Alkyl or alkoxy groups R; to R, or alkyl or alkoxy groups as substituents of phenyl
groups may be straight-chain or branched. Examples which may be mentioned are:
methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl,
n-hexyl, 2-ethylhexyl, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, sec-butoxy,
tert-butoxy, n-pentoxy, neopentoxy and n-hexoxy.

Halogen atoms as sﬁbstiments are preferably bromine or chlorine atoms.
In the formula Ia, R, and R, are preferably hydrogen, and Rj is hydrogen or methyl.

Component (a) is particularly preferably a homopolymer or copolymer comprising
recurring structural units of the formula III



. 11" "Copol ynmer of nethacrylic acid, nmethyl nmethacrylate en% Tttt fierr o
N- phenyl mal ei mi de A sol ution of 36.0 g (419 mmol) of net hacryjl P& a6t ¢ EH3 SHEEY |
g (1.26 nol) of methyl nethacrylate, 18 g (104 nmol) of N phenyl malgign
and 5.0 g of Trigonox C (Akzo product) in 100 g of methoxypr pﬁﬂ@c@t@r‘@ﬂ&
added dropwi se over the course of 2 hours wijh stirring at [err] under

nitrogen to a mxture of 4.0 g ((26.5 mmol) of nethacrylic acid, 14.0 g

(140 nmmol) of nethyl nmethacrylate, 2.0 g (11.6 mmol) of N phenyl nal ei m de

and 200 g of nethoxypropyl acetate. The solution is subsequently stirred at
[err] for 6 hours. The regul gant apgution of the copolyner [err] =3883,

[err] = 10,041, acid contgntf= 0.%3 nol / kg) can be further processed

directly. 1.12 Copol y r?of 2yt gt rahydropyranyl acrylate. nethyl
met hacryl ate and 2-di net hil aRi noejhyl net hacrylate A sol ution )56. 749
(333 nmol ) of 2-tetrahydropyra hacgyl ate, 33.0 g (33 mmot )”’of nethyl -

nmet hacrylate, 0.27 g (1.72 nmmol) of 2-i ney hyl am noet hyl net hacryl ate and
2.0 g of azoisobutyronitrile in 50 g ot nej hoxypropyl acetate is added
dropwi se over the course of 2 hours witiR™Stirring at [err] under nitrogen
to a mxture of 6.3 g (37 mmol ) of -

in which _ _
Ry, R, and R;, independently of one another, are hydrogen, C,-Cgalkyl, phenyl or halogen.

Component (a) is especially preferably a homopolymer or copolymer comprising recurring
structural units of the formula ITI in which R, and R; are hydrogen and R; is hydrogen or
methyl.

Component (b) is preferably a homopolymer or copolymer comprising 5-40 % by weight
of recurring structural units of the formula ITa and 95-60 % by weight of recurring
structural units of the formula IIb

(5 %]
l_ By )'(\J Wa),
CooH '_

’:‘a I“"10
| ?"?‘}' | @),
Ry Ryq

in which

X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,

R;, R, and R, independently of one another are hydrogen, C;-Cgalkyl, C5-Cy,aryl,
Cg-Cyparalkyl, halogen, -COOH, -COOR,, or -CONR;3R;4, where Ry, is an
unsubstituted or C,-Cgalkoxy-, hydroxyl- or halogen-substituted C,-Cgalkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R,; and R;4, independently
of one another, are hydrogen, C;-C;galkyl, Cs-C;aryl or Cg-Cygaralkyl,

R, is C,-Cqalkyl or phenyl, |



2-t €t rahydropyranyl nethacrylate, 3.67 g (36.7 mmol) of nethy ——‘"‘_,.;"""""".'.;.",'\'", o
nmet hacrylate, 0.03 g (0.19 nmol) of 2-dinmethyl am noet hyl net hacryl'“é e" angd Te=
100 g of nethoxypropyl acetate. Stirring is continued at [err Daaen(ﬂ odAN 195
hour after the addition, a further 0.5 g of azoisobutyronitri s_added 7T
- 17 - The solution is subsequently sti r-red_%a_t [err] for a further 5 hours.

The resultant solution of the copolyner [err] = 9334, [err] = 44,050) can

be further processed directly. Il. Use exanples Il.1. Positive etch resist
A sol ution of 0.23 g of the photoi nitiator Degacure[err] KI 85 (Degussa)
and 0.04 g of 9R ;r&,@ g of met hoxypropyl acetate i s added

sol utfon fr %"Lm& 1£vf e@ewpﬁex e SR 2 BN
subsequent | y apgritedf the radicadpRs Rs) RyorRat wgetberowith the earﬁaﬂor[osyge}l agdms to which
they are bonded, form a 5- to 8-membered ring,
Rg, Rg , Rjg and Ry, independently of one another, are hydrogen, C;-C;galkyl,
unsubstituted or C;-Cg-alkyl-, C;-Cgalkoxy- or halogen-substituted phenyl, halogen,
C,;-C,galkoxy, ~-COOR,, -OCOR; or -COOH, in which R;, is as defined above,

or Ry and R;, together with the carbon atoms to which they are bonded, form a
Rg Ry
] [

five-membered ring having the structure O/LN )\0 ,in which R,5 is hydrogen,
' |

R °
C;-Cygalkyl, Cs-Cyqaryl, C-Cyoaralkyl or hydroxyl-, alkoxy- or halogen-substituted
phenyl,
with the proviso that the mean molecular weight (weight average) of the copolymer is
1000-500,000 daltons and the content of carboxyl groups is from 0.40 to 5.50 mol/kg.

Component (b) is preferably é. homopolymer or copolymer comprising reéurring structural
units of the formula Ila in which R, and R, are hydrogen, R3 is hydrogen or methyl, and X
is a direct bond.

In the structural units of the formula IIb, Rg and Ry are preferably hydrogen, Ry is
hydrogen or methyl, and R,; is preferably phenyl or -COOR,,, in which R, is

Cl-Cmalkyl Preference is furthermore given to copolymers comprising recurring
H H

: C
structural units of the formula O/AN x o’ in which R, 5 is phenyl.

|
Rys

The homopolymers and copolymers of components (a) and (b) can be prepared in a known
manner by anionic, cationic or group-transfer polymerization or in particular by
free-radical polymerization on the corresponding unsaturated monomers.

The free-radical polymerization or copolymerization can be carried out using various
methods. These have been described, for example, by S. Sandler and W. Karo in



copper) by means of a K-bar coater (36 [err]) The coated su
for 10 mnutes at roomtenperature and subsequently for 15 :
[err], giving a resist filmwth a thickness of 9 [err]. Expgpsure |(',;9 JAN
carried by means of a PR 340 ORC printer, SMX 7000H | anp, usjif'@ 2% stef-
Stouffer sensitivity guide as mask (see WS g DeForest, " Phot 6T &s1 St "
MGawH || Book Co., N Y., pp. 109 ff.). The exposed energy is 80 [err].
After about 5 mnutes, the exposed plate is devel oped for 120 seconds with
a 1% aqueous [err] solution [err] spray pressure 2 bar). After etching with

| ut d No.
4°1< obrai med Sy Sndelp! "’%;;2?‘*‘ ATHAER, ApReilcTiss N R0 Rl 419

ar e esol . ve
subsequent | y r efRRveRAqmal R%‘?‘?P E\egy! @Wl@@?"sﬁﬂﬂ?’r’gﬁ“ﬁba‘f rr]
[1.2. Positive ﬁir&:bnnmsemhls:énsmkpmsxommfpramﬂ&ugn pélymérizagibrot oi ni ti at or
Degacure[err] KI 85 (Degussa) and 0.04 g of 9-net hyI ant hracene in 3 g of

Beanpl o L. 2 anditheare i nalsais ek i e el ok smal pmguiig ol gplaro.
exposure, devel opnent and etching ar e carried outin the same way as in
EX a[fp' e Il11. Tg ‘i‘h@é&?ﬁb&‘iﬁn@ﬁ‘ﬁrgqﬂerhlﬁ; inftiatH by TeonvbRford P& AR R Thitihdor Trhbst 120
> a Lerr] an aludg the¥mal initiators, such as azo compounds, for example o, ’-azoisobutyronitrile
(AIBN), or peroxides, for example benzoyl peroxide, or redox initiator systems, such as
the mixture of iron(IlII) acetyiacetonaue, benzoin and benzoyl peroxide, or photochemical
free-radical formers, such as benzoin or benzil dimethyl ketal.

The polymerization is preferably carried out in solution. The reaction temperature 1s
generally in the range from 10 to 200°C, preferably from 40 to 150°C, particularly
preferably from 40 to 100°C.

‘Any solvent present must be inert under the reaction conditions. Examples of suitable
solvents are aromatic hydrocarbons, chlorinated hydrocarbons, alcohols, ketones and
ethers. Examples thereof are: benzene, toluene, xylenes, ethylbenzene, isopropylbenzene,
ethylene chloride, propylene chloride, methylene chloride, chloroform, methyl ethyl
ketone, acetone, methoxypropyl acetate, isopropanol, cyclohexanone, diethyl ether and
tetrahydrofuran. '

Examples of suitable monomers for the preparation of homopolymers or copolymers
containig acid-labile a-alkoxyalkyl ester groups are 1-ethoxyethyl acrylate, methacrylate
and p-vinylbenzoate, 1-butoxyethyl acrylate, methacrylate and p-vinylbenzoate,
1-ethoxy-1-propyl acrylate, methacrylate and p-vinylbenzoate, and tetrahydropyranyloxy
acrylate, methacrylate and p-vinylbenzoate.

Particular preference is given to tetrahydropyranyl acrylate and methacrylate.

The monomers containing acid-labile o:-alkoxyalkyl ester groups can be homopolymerized
or alternatively copolymerized with one or more further monomers.

Examples of suitable monomers for the preparation of copolymers are ethylene,
propylene, styrene, vinyl chloride, vinyl acetate, acrylic and methacrylic acid, methyl
acrylate and methacrylate, ethyl acrylate and methacrylate, butyl acrylate and




pressure' of 2 bar. Arelief inmage with the final inmaged step

obtained. Structures of 25 [err] are well resolved. |13. Pos ?{E\?gﬂ E‘“"h?tET
resi st A solution of 0.23 g of the photoinitiator Degacure[dqr b%t Kl U@

(Degussa) and 0.04 g of 9-nethylanthracene in 3 g of nethoxy r? 5(‘(51‘ a'rts """" _

Is added to a m xture of 2.5 g of the solutizan from Exanple L2 and 2.5 g of
the solution from Exanple |.6. The coating, exposure, devel opnent and
etching are carried out in the sane manner as in Exanple IL1. Exposure
energy: 80 [err] Devel opnent time: 120 s [err] pressure 2 bar) Fi.nal inmaged

step: No. 3 métBacriiaObeabylaiylatdandahéthacrylat, 2-ERAhdxyY ferfihe And Msihaérylate
~and 2-hydroxyethyl acrylate and methacrylate.

Preference is given to methyl acrylate, methyl methacrylate, ethyl acrylate, butyl acrylate,
benzyl methacrylate, 2-ethylhexyl methacrylate and 2-hydroxyethyl methacrylate.

The carboxyl-containing homopolymers and copolymers of component (b) can be
prepared analogously by free-radical polymerization of the corresponding unsaturated
carboxylic acids.

Examples of suitable carboxylic acids are maleic acid, itaconic acid, cinnamic acid,
crotonic acid, p-vinylbenzoic acid and in particular acrylic acid and methacrylic acid.

The unsaturated carboxylic acids can be copolymerized with one or more further
monomers, for example ethylene, propylene, styrene, vinyl chloride, vinyl acetate, methyl
acrylate and methacrylate, ethyl acrylate and methacrylate, butyl acrylate and
methacrylate, benzyl acrylate and methacrylate, 2-ethylhexyl acrylate and methacrylate,
2-hydroxyethyl acrylate and methacrylate and N-phenylmaleimide.

Preferred comonomers are methyl acrylate, methyl methacrylate, ethyl acrylate, butyl
acrylate, benzyl methacrylate, tert-butyl acrylate, tert-butyl methacrylate, 2-ethylhexyl
methacrylate and N-phenylmaleimide.

Component (a) in preferred compositions according to the invention comprises at least one
homopolymer or copolymer comprising 20-100 % by weight, in particular 30-100 % by
weight, of recurring structural units of the formula Ia and 80-0 % by weight, in particular
70-0 % by weight, of recurring structural units of the formula Ib.

Component (b) in the compositions according to the invention preferably comprises at
least one copolymer comprising 5-35 % by weight, in particular 10-30 % by weight of
recurring structural units of the formula IIa and 95-65 % by weight, in particular 90-70 %
by weight, of recurring structural units of the formula IIb, '

The mixing radio between components (a) and (b) can vary within a broad range. The
compositions according to the invention preferably comprise 10-95 % by weight, in
particular 20-80 % by weight, of component (a) and 90-5 % by weight, in particular
80-20 % by weight, of component (b), based on the sum of components (a) + (b).
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A sol utiton of 0.16 g of the photoinitiator Cyracure 6990 (U |mm:mm@)w—=- :
and 0.04 g of Quantacure ITX (Cctel Chemicals) in 1.83 g off netho

acetate is added to a mixture of 1.5 g of the solution from Emaplygmnm
4.67 g of a 30 %solution of Scripset 550 in nethoxypropyl s&eetratre:
coating, exposure, devel opnment and etching.gre carried out in the sane
manner as in Exanple Il.1. Exposure energy: 125 [err] Devel opnent tine: 120
s [err] /spray pressure 1 bar) Final inmaged step: No. 1 Resolution: 25
[err] A conparative test with the solution from Exarrple L2 after storage
for 9 nonths at roomtenperature shows no difference. .5. Positive etch

Carbi de) . 0. 04 SPraonestiikest i ritele By dpied 'n%‘tv‘é’hrafh%ﬂﬂ @%%@3&1"’%@* o
Orasol bl au GN (aClifia yadiatio whichfis imawroteythe skilled wosker in wsisttechnglogy.t erws@t ure
of 3.0 g of thenhph sdiisOdisdifoRés, E&Mﬁ@cdmﬁeﬁ@,d:oﬁp@uxﬂs ebntiihing photolabidshdlegem
Exanple 1.5 The conll 0g:  RIRRMES 1SS! @RIERhoARxR! &Y, Mifonic acid esters, for
example nitrobenzyl sulfonate, oxime sulfonates, o-sulfonyloxyketones, N-hydroxy-
" imidosulfonates and N-hydroxyamidosulfonates.

Examples of suitable photoinitiators are described in EP-A 451 741 and EP-A 568 827.

Component (c) is preferably a photosensitive diazonium, sulfonium, sulfoxonium or
iodonium salt or a photosensitive sulfonic acid ester.

Component (c) is particularly preferably triphenylsulfonium trifluoromethanesulfonate,
triphenylsulfonium hexafluoroantimonate, triphenylsulfonium hexafluorophosphate,
triphenylsulfonium hexafluoroantimonate or a hexafluorophosphate or
‘hexafluoroantimonate of the following sulfonium ions:

in which m is an integer from 1 to 10.

Component (c) is generally employed in an amount of from 1-20 % by weight, preferably
2-10 % by weight, based on the sum of components (a) + (b).



are’carried out in the same manner .as in Exanple I1.1. Exposu
[err] Devel opnent time: 100 s [err] spray pressure 1 bar) Fi
step: Nr. 2 Resolution: 25 [err] I1.6. Positive etch resist
0.16 g of the photoinitiator Cyracure 6990 (Union Carbide) a

Q

WL TR LT
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141,009 JAN.19%..

Quantacure ITX (Cctel Chemicals) in 2.17 g _gf nethoxypropyl acetate is
added to a mxture of 2.5 g of the solutionfromExanple |.4 and 3.33 g of
a 30 %solution of Scripset 550 in methoxypropyl acetate. The coati ng,
exposure, devel opnment and etching are carried out in the same manner as in

CHTELS | o BRI S08550s ot G00d  CRERA o By, /5
- These sensitizers increase the spectral sensitivity of the photoinitiator system at the

desired wavelength. The choice of suitable sensitizer depends essentially on the
photoinitiator selected. For example, sulfonium and iodonium salts only have adequate
photosensitivity at wavelengths of <350 nm. The sensitivity of such compounds at higher
wavelengths can be significantly increased, for example, by adding aromatic
hydrocarbons, such as perylene, pyrene, anthracene and derivatives thereof, phenothiazine
or phenothiazine derivatives, or unsubstituted or substituted thioxanthone. The aminoaxyl
ketones disclosed, for example, in US Patent 4 755 450 are also suitable as sensitizers for
sulfonium and iodonium salts. Other suitable sensitizers are the arylidene aryl ketones
disclosed in US Patent 4 162 162.

The compositions according to the invention can include further conventional additives,
for example stabilizers, pigments, dyes, fillers, adhesion promoters, flow-control agents,
wetting agents and plasticizers.

In order to increase the shelf life, it may be expedient to add small amounts of weakly
basic additives to the compositions according to the invention. Examples of suitable basic
compounds are primary, secondary and tertiary aliphatic, cycloaliphatic and aromatic
amines and N-heterocyclic compounds. Examples which may be mentioned are:
triethylamine, tripropylamine, tributylamine, aniline, N-methylaniline,
N,N-dimethylaniline, 1-naphthylamine, 2-naphthylamine, diphenylamine,
ethylenediamine, hexamethylenediamine, 4,4’-diaminodiphenylmethane, 4,4’-diamino-
diphenyl ether, 4,4’-diaminobenzophenone, 4,4’-diaminodiphenylamine, pyrrolidine and
derivates thereof, piperidine and derivates thereof, imidazole and derivates thereof, for
example 4-methylimidazole, 4-methyl-2-phenylimidazole, 4,5-diphenylimidazole and in
particular 1-methylimidazole.

The amount in which the basic additives are expediently added depends essentially on the
amount of acid photogenerator (¢), and is preferably 0.01-5.0 mmol, in particular
0.02-2.0 mmol, of basic additive per gram of acid photogenerator.

A stabilizing action is also achieved if the polymers of components (a) and/or (b) contain
small amounts of basic substituents, for example amino groups. In order to prepare such
polymers, a small amount of unsaturated monomers containing basic substituents is added
to the unsaturated starting monomers during the free-radical polymerization. Examples of
suitable monomers containing basic substituents are amino-substituted acrylates, such as



-19-* 11.7. Positive etch resist A solution of 0.32 g of the p
Cyracure 6974 (Union Carbide), 0.08 g of Quantacure ITX (Cctel
0.04 g of Pergascriptblau SSRB (C ba), 0.02 g of triazine A ((
0.01 g of Orasolblau GN (Ciba) in 6 g of nmethoxypropyl acetat
a mxture of 7.0 g of the solution from Exanpl.e L3 and 3.0 g of the
solution from Exanple 1.8. The coating, exposure, devel opnent and etching
are carried out in the sane manner as in Exanple Il1.1, but a Staub LB
65-1/5000 Wlanp is used for the exposure. Exposure energy: 114 [err]

Devel opnment ti mg:dink a{nﬁ{oéﬂh m;gmw Mﬂl’éﬁﬁfaﬁnﬂoehﬁ[ hethhétlatel 20812 la‘ﬁhﬁél No.

2 Resol ution: 25&rr Zgge SIlInIV @Olﬂtlonl(ﬁl deg of the

phot oi ni ti at or A ﬂﬂ 8% 8@§ (Shrg opropylacrylam
dxmethylammopropylmethacry]amlde 2—t—butylammoethyl acrylate and
2-t-butylaminoethyl methacrylate, and vinylpyridines, such as 2-vinylpyridine or
4-vinylpyridine.

The amount in which such comonomers containing basic substituents are expediently
employed depends essentially on the amount of acid photogenerator (c) and is preferably
0.01-5.0 mmol, in particular 0.02-2.0 mmol, of comonomer containing basic substituents
per gram of acid photogenerator.

The choice of solvent and concentration depends principally on the composition type and
on the coating method. The solvent must be inert, ie. it must not undergo any chemical
reaction with the components and it must be removable again during drying after coating.
Examples of suitable solvents are ketones, ethers and esters, such as methyl ethyl ketone,
2-heptanone, cyclopentanone, cyclohexanone, y-butyrolactone, ethyl pyruvate, diethylene
glycol dimethyl ether, 2-methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate,
1-methoxy-2-propyl acetate, 1,2-dimethoxyethane, ethyl acetate and 3-methoxymethyl
propionate. |

The preferred solvent is methoxypropyl acetate.

The solids content of the compositions depends on the application method and on the
desired coating thickness and is typically from 10 to 80 % by weight.

The solution is applied uniformly to a substrate by known coating methods, for example
by spincoating, dipping, knife coating, curtain coating, brushing, spraying and especially
by electrostatic spraying and reverse-roll coating. It is also possible to apply the
photosensitive coating to a temporary, flexible support and then to coat the final substrate,
for example a copper-laminated circuitboard, by transferring the coating by lamination.

The application rate (coating thickness) and the substrate type (coating support) depend on
the desired area of application. The coating thickness range generally covers values of
about 1 pm to about 20 pum, preferably 3-15 pm.

After the coating, the solvent is generally removed by drying preferably at temperatures of
from 20°C to 100°C, giving a coating of the composition according to the invention on the



Quantacute I TX (Cctel Chemicals), 0.4 g of Pergascriptblau S- @A@ﬁ&?@':é’ﬁ&ﬁ"}“
g of triazine A ((PCAS) and 0.1 g of Orasol blau GN (Ciba) in R2.
met hoxypropyl acetate is added to a m xture of 50 g of the so qj.mpnﬂﬁommm.

Exanple 1.3 and 50 g of the solution from Exanple 1.9. The colithgs:

exposure, devel opnment and etching are carri gg out in the sane nmanner as in
Exanple I1.1, but a 64 g roller coater is used for the coating and a Staub
LB 65-1/5000 Wlanp is used for the exposure. Exposure energy: 114 [err]
Devel opnent t| me: 80 s [err]/spray pressure 1 bar) Final inmaged step: No. 3
Resol uti on: Eﬁ’é oLl 9. Positive etch resist A solution of 0.32 g of the
phot oi nltlator Pacire 6974 (Union Carbide), 0.08 g of Quantacure |TX
(Cctel Chemicals), 0.04 g of Pergascriptblau S-RB (G ba), 0.02 g of

triazine A ((PChyrdéns pibddde ﬁlx&fsu@tﬁﬁ@'tﬁé Aibstfale édated Withi the Sontposftion accordm

met hoxypr opyl m.xt f the oI uti.on fr. om

Beanp o013 andiopieigon lﬁg oot et bt @éy agof! Th it aaffon

exposure, devel speeally teken temetn HY onVdS mliation.prefenablyrin thﬁevae'dnegﬂl range of
220-550 nm. The term "imagewise" exposure covers both exposure through a photomask
containing a predetermined pattern and exposure by a laser beam, which is moved, for

example, under computer control, over the surface of the coated substrate.

Radiation sources which can be used are in principle all lamps which emit radiation in the
UV and/or VIS region. Both point light sources and spread emitters (lamp carpets) are
suitable. Examples are: carbon arc lamps, xenon arc lamps, mercury vapour lamps, if
desired doped with metal halides (metal halide lamps), fluorescent lamps, argon
incandescent lamps, electronic flash lamps, photographic flood lamps, electron beams and
X-rays. The distance between the lamp and the novel image material can vary depending
on the application and lamp type and strength, for example between 2 cm and 150 cm.
Particularly suitable are laser light sources, for example argon ion lasers and krypton ion
lasers. Laser light aiso allows the resist to be exposed without a mask by writing the
controlled laser beam directly on the resist layer. The high sensitivity of the novel
materials is very advantageous here, allowing high writing speeds at relatively low
intensity. This method allows the production of printed circuits in the electronics industry,
lithographic offset printing plates or relief printing plates and photographic
image-recording materials.

In contrast to many known positive photoresist systems based on chemical amplification,
there is surprisingly no need when using the compositions according to the invention to
subject the resist to heat treatment after exposure, known as "post exposure bake", in order
to ensure complete reaction of the acid-sensitive groups in the polymer structure with the
acid generated by the exposure and to remove volatile reaction products. '

If desired, however, such heat treatment can be carried out without adverse consequences
for the exposed structures.

After the material has been exposed imagewise in the conventional manner, the exposed
areas of the photoresist are removed by dissolution in a developer.

The choice of the particular developer depends on the type of photoresist, in pa;'ticular on
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manher as in Exanple I1.1, but a Staub LB 65-1/5000 Wl anp i g figr\t.—héy:,;r \
exposure. Exposure energy: 114 [err] Devel opnent tinme: 70 s 5E§F/spr‘ay -
pressure 1 bar) Final imaged step: No. 1 Resolution: 25 pm -%0 0 QIJANHSSS
Positive etch resist A solution of 0.32 g of the photoiniti SOV agiEe—
6974 (Union Carbide), 0.08 g of Quantacure |,IX (Cctel Chemcals), 0.04 g
of Pergascriptblau S-RB (Ci ba), 0.02 g of triazine A ((PCAS) and 0.01 g of
Orasolblau GN (Ciba) in 6 g of nethoxypropyl acetate is added to a m xture
g( 5. I0 gIO]:LOthe solution from Exanple L7 and 5.0 g of the solution from

anpl e e %ﬁﬂn rried
out in the sanemmar?]'%g%’f&gbm%é%waﬁem ﬂﬁc}@krﬁgﬂﬁﬁﬁa t a %E‘gég%el groc%ﬁ‘ W I anmp
is used for th@@gpwgous solutions of bases to which organic so ventsormlxtures thereof may

have been added.

Particularly preferred developers are aqueous-alkaline solutions, as also employed for the
development of naphthoquinone diazide coatings. These include, in particular, aqueous
solutions of alkali metal silicates, phosphates, hydroxides and carbonates. If desired,
relatively small amounts of wetting agents and/or organic solvents can also have been
added to these solutions. '

Examples of typical organic solvents which may be added to the developer fluids are
cyclohexanone, 2-ethoxyethanol, acetone, isopropanol, ethanol and mixtures of two or
more of these solvents.

The radiation-sensitive compositions according to the invention are suitable as
photoresists for electronics, in particular as etch resists for the production of printed
circuits or as microresists for the production of integrated circuits, and for the production
of printing plates, for example offset printing plates.

In the preferred use of the composition according to the invention, as etch resists, the
metal uncovered by the development, usually copper, can be removed using any known
etchant, for example solutions of iron chloride, hydrogen peroxide/phosphoric acid,
ammonium persulfate or copper chloride.

~ The photoresist coating which remains can subsequently be removed by stripping with
strong aqueous bases, for example NaOH or KOH, and/or organic solvents.

The present invention thus furthermore relates a process for the production of relief
structures on a circuit board, which comprises coating a substrate with a composition
according to claim 1 and exposing the film obtained after removal of the solvent
imagewise and 'subsequently developing the exposed film in an aqueous-alkaline medium.

A preferred embodiment of the invention is a process for the production of relief structures .

which comprises the following steps:

(A) coatinga coppér-laminated substrate with a composition according to claim 1 by
application of liquid resists by known methods;

(B) removal of the solvent by drying at temperatures of from 30°C to 130°C;



Expdsure® energy: 130 [err] Devel opnent time: 70 s [err]/spray pr;e@a_w‘es?:lf\n HEET
bar) Final imaged step: No. 4 Resolution: 25 [err] IL 11. Posijive etcrb

resist A solution of 0.32 g of the photoinitiator Cyracure 697 [6445110@ JANIQ%
Carbi de), 0.08 g of Quantacure ITX (Cctel Chem cals), 0.09 g of=MHt+H
(Monsanto) and 0.01 g Orasol blau GN (G ba) % _5 7 g of net hoxypropyl

acetate is added to a mixture of 5.0 g of the solution from Exanple L4 and

5.0 g of the solution fromExanple L11. The coating, exposure, devel opnent

and etching are carried out in the same manner as in Exarrple 1.1, but a

Staub LB 65-1/5QQ0 r S foe 130

[err] Devel opne t%ﬁgljﬁdgmﬂfer ra]Lspr ay. r%é'gagggegyl ?#—kﬁ% ,?g?’éﬂ‘o& ep:

No. 4 Resol uti o) Xdsvelaprpentusing aquogus-alkalin eeftemlmswst ine developer solutions;
(E) etching with acidic or weakly alkaline etchants;

(F) removal of the photoresist coating which remains by stripping with strong aqueous
bases and/or organic solvents.

Particular mention should be made of the extremely good thermal stability of the
individual components and the resultant coatings on storage.

A suitable choice of the polymers of components (a) and (b) also allows the mechanical
properties of the resist composition to be varied within a broad range. For example, use of
hard polymers allows very high mechanical strength to be achieved.

Examples

1. Preparation of the polymers

LL Poly-2-tetrah 1 methacrylate

A solution of 10 g (59 mmol) of 2-tetrahydropyranyl methacrylate and 0.25 g of
azoisobutyronitrile (AIBN) in 15 g of methoxypropyl acetate is stirred for 8 hours at 80°C
under a nitrogen atmosphere. The resultant solution of poly-2-tetrahydropyranyl
methacrylate (M, = 4435, M,, = 91,593) can be further processed directly (without
isolation of the polymer.

Acid content of the solution: 0.033 mol/kg

Acid content after 9 months at room temperature: 0.040 mol/kg.

L2. Copolymer of 2-tetrahydropyranyl mem. late, methyl methacrylate and

2-ethylhexyl methacrylate
Analogously to Example L1, a solution of 25.2 g (148 mmol) of 2-teuahydropyranyl

methacrylate, 10.4 g (104 mmol) of methyl methacrylate, 4.4 g (22 mmol) of 2-ethylhexyl
methacrylate and 1 g of azoisobutyronitrile in 60 g of methoxypropyl acetate is stirred for
8 hours under nitrogen. The resultant solution of the copolymer (M, = 7237, M,, = 48,154)
can be further processed directly. '

13. Copolymer of 2-tetrahydropyranyl methacrylate, methyl methacrylate and
2-hydroxyethyl me late

A solution of 56.7 g (333 mmol) of 2-tetrahydropyranyl methacrylate, 23.4 g (234 mmol)



A svl utiton of 0.32 g of the photoinitiator Cyracure 6974 (Uni[prRECAAGERENT ZHEET
0.08 g of Quantacure I TX (Cctel Chemcals), 0.09 g of Multiflipw I\/bnsg OJAN‘%
0.63 ng of N-nethylimdazole and 0.01 g Orasol blau GN (Ciba) jjr® 7qolg
‘met hoxypropyl acetate is added to a mxture of 5.0 g of the sofution from
Exanple L4 and 5.0 g of the solution from Eyanple L11. The coating,

exposure, devel opment and etching are carried out in the same manner as in
Exanple |1L1, but a Staub LB 65-1/5000W Il anp is used for the exposure.

Exposure energy: 200 [err] Devel opnent time: 40 s [err]/spray pressure 1

e o T35 g bR BN b oy soied 'Zgofc | e
Car bi de), 0. 08 agoiggbutyronitrile in 50 g of methoxypropyl acetate is added dropwise over the course op
one hour with stirring at 80°C under nitrogen to a mixture of 6.3 g (37 mmol) of
2-tetrahydropyranyl methacrylate, 2.6 g (26 mmol) of methyl methacrylate, 1.1 g
(9 mmol) of 2-hydroxyethyl methacrylate and 100 g of methoxypropyl acetate. Stirring is
continued at 80°C, and, one hour after the addition, a further 0.5 g of azoisobutyronitrile is
added. The solution is subsequently stirred at 80°C for 6 hours. The resultant solution of
the copolymer (M, = 8103, M,, = 47,096) can be further processed directly.

14. Copolymer of 2-tetrahydro 1 acrylate and methyl methacrylate

A solution of 34.02 g (218 mmol) of 2-tetrahydropyranyl acrylate, 19.98 g (200 mmol) of
methyl methacrylate and 1.2 g of azoisobutyronitrile in 30 g of methoxypropyl acetate is
added dropwise over the course of 1.5 hours with stirring at 80°C under nitrogen to a
mixture of 3.78 g (24 mmol) of 2-tetrahydropyranyl acrylate, 2.22 g (22 mmol) of methyl
methacrylate and 60 g of methoxypropyl acetate. Stirring is continued at 80°C, and, one
hour after the addition, a further 0.3 g of azoisobutyronitrile is added. The solution is
subsequently stirred at 80°C for a further 5.5 hours. The resultant solution of the
copolymer (M,, = 8108, M,, = 32,167) can be further processed directly. |

LS. Copolymer of methacrylic acid, methyl methacrylate and 2-cthylhexyl
methacrylate

Analogously to Example L1., a solution of 4.0 g (47 mmol) of methacrylic acid, 12.0 g
(120 mmol) of methyl methacrylate and 4.0 g (20 mmol) of 2-ethylhexyl methacrylate and
0.5 g of azoisobutyronitrile in 30 g of isopropanol is stirred for 8 hours under nitrogen.
The resultant solution of the copolymer (M, = 8691, M,, = 54,540, acid content =

1.13 mol/kg) can be further processed directly.

L6. Copolymer of methacrylic acid, methyl methacrylate and tert-butyl acrylate
A solution of 135 g (1.568 mol) of methacrylic acid, 630 g (6.30 mol) of methyl

methacrylate, 135 g (1.05 mol) of tert-butyl acrylate and 12.5 g of azoisobutyronitrile in
500 g of isopropanol is added dropwise over the course of 2 hours with stirring at 80°C
under nitrogen to a mixture of 15.0 g (174 mmol) of methacrylic acid, 70 g (700 mmol) of
methyl methacrylate, 15.0 g (117 mmol) of tert-butyl acrylate and 1000 g of isopropanol.
Stirring is continued at 80°C, and, one hour after the addition, a further 2.5 g of
azoisobutyronitrile are added. ' |

The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of
the copolymer (M,, = 8880, M,, =27 ,422, acid content = 0.75 mol/kg) can be further



Quant acure | TX (Cctel Chemicals), 0.09 g of Multiflow (Mnsan} dJEPLACEMENTOEREET

acetate is added to a mixture of 5.0 g of the solution from Ejdi¢ e

N-net hyl i m dazole and 0.01 g Orasol blau GN (Ciba) in 5.7 g of|net hoxgpﬁo‘mm

5.0 g of the solution fromExanple |I.11. The coating, exposurE,
and etching are carried out in the same manper as in Exanple IL.1, but a
Staub LB 65-1/5000 Wlanp is used for the exposure. Exposure energy: 200
mJ/ cn? Devel oprment time: 70 s [err]/spray pressure 1 bar) Final imaged
step: No. 3 Resolution: 25 [err] I11.14. Positive etch resist A solution of

0.32 g of the &egg i%ﬁ@ﬂﬁ?r Cyracure 6974 (Uni on Carbide), 0.08 g of
Quantacure |1 TX te emcals), 0.04 g of Pergascriptblau S-RB (Ciba),
0.2 g of triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of

met hoxypr opyl aEZ&t at e Copohsie of 2-@uahydrogyrdng] méthderflag, Méthiyluerydae wid on from |
Exanple 1.7 and 6.0 g ﬂ?{#@?"%ﬂ H&h%ﬂ;&,‘om Exanple 1.11. The coati ng,
exposure, devel gpnent ' rried out in the sanme nmanner as in
Exanple |1.1, bbsoltien o402 GO0 mumpdef Atewrahydropyrany apethasrylated 404 gos ur e.

(163 mmol) of methyl acrylate, 5.94 g (46 mmol) of 2-hydroxyethyl methacrylate and

1.74 g of azoisobutyronitrile 1n 30 g of methoxypropyl acetate is added dropwise over the

course of 6 hours with stirring at 70°C under nitrogen to a mixture of 3.78 g (22 mmol) of

2-tetrahydropyranyl methacrylate, 1.56 g (18 mmol) of methyl acrylate, 0.66 g (5 mmol)

of 2-hydroxyethyl methacrylate and 60 g of methoxypropyl acetate. Stirring is continued

at 70°C, and, one hour after the addition, a further 0.18 g of azoisobutyronitrile is added.

The solution is subsequently stirred at 70°C for a further hour. The resultant solution of

the copolymer (M,, = 9074, M,, = 44,877) can be further processed directly.

L8. Copolymer of methacrylic acid, methyl methacrylate, ethyl acrylate and

methacrylamide
A solution of 27 g (314 mmol) of methacrylic acid, 99 g (990 mmol) of methyl

methacrylate, 45 g (450 mmol) of ethyl acrylate, 9.0 g (80 mmol) of methacrylamide and
2.5 g of azoisobutyronitrile in 100 g of methoxypropyl acetate is added dropwise over the
course of 2.25 hours with stirring at 80°C under nitrogen to a mixture of 3.0 g (35 mmol)
of methacrylic acid, 11 g (110 mmol) of methyl niethacrylate, 5.0 g (50 mmol) of ethyl
acrylate, 1.0 g (9 mmol) of methacrylamide and 200 g of methoxypropyl acetate. Stirring
is continued at 80°C, and, one hour after the addition, a further 0.5 g of azoisobutyronitrile
is added. _

The solution is subsequently stirred at 80°C for a further 4.75 hours. The resultant solution
of the copolymer (M,, = 8547, M,, = 31,820, acid content = 0.84 mol/kg) can be further

processed directly.
19. Copolymer of methacrylic acid, methyl methac_rz'late and ethyl acrylate

A solution of 27 g (314 mmol) of methacrylic acid, 99 g (990 mmol) of methyl
methacrylate, 54 g (540 mmol) of ethyl acrylate and 2.5 g of azoisobutyronitrile in 100 g
of methoxypropyl acetate is added dropwise over the course of 2 hours with stirring at
80°C under nitrogen to a mixture of 3.0 g (35 mmol) of methacrylic acid, 11 g (110 mmol)
_ of methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate and 200 g of methoxypropyl
acetate. Stirring is continued at 80°C, and, one hour after the addition, a further 0.5 g of
azoisobutyronitrile is added.
The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of



Exposure energy: 130 [err] Devel opnment tine: 60 s [err]/spray QWEI‘”SHEET
bar) Final imaged step: No. 5 Resolution: 25 [err] IL 15. Posjtive JANE%
resist A solution of 0.16 g of the photoinitiator (4-nitrophepyHase ::q\ T

9, 10- di hydr oxy-2-ant hracenesul fonate, 0.4 g of Pergascriptbla
0.2 g of triazine A ((PCAS) and.0.01 g of Qesolblau GN (G ba) in 5.7 g of
nmet hoxypropyl acetate is added to a m xture of 4.0 g of the solution from
Exanple 1.7 and 6.0 g of the solution fromExanple |.11 . The coati ng,

exposure, developnent and etching are carried out in the same manner as in

Example 11.1, hidc lovil; B 8663, M. 52@8,3YY, lagidizontentss&T molkg)icar be fumhenir €.
Exposur e ener gy ]é %dkifre Devel opnent tinme: 70 s [err] spray pressure 1
bar) Fi nal mad’é(ac . 2 Resolution: 25 [err] :

u_Q Copolymer of methacrylic acid, methyl methacrylate and ethyl late

A solutionof 21.6 g (251 mmol) of methacrylic acid, 104.4 g (1.04 mol) of methyl
methacrylate, 54 g (540 mmol) of ethyl acrylate and 4.0 g of azoisobutyronitrile in 100 g
of methoxypropyl acetate is added dropwise over the course of 2 hours with stirring at
80°C under nitrogen to a mixture of 2.4 g (28 mmol) of methacrylic acid, 11.6 g

(116 mmol) of methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate and 200 g of
methoxypropyl acetate. Stirring is continued at 80°C, and, one hour after the addition, a
further 1.0 g of azoisobutyronitrile is added. '

The solution is subsequently stirred at 80°C for a further 5 hours. The resultant solution of
the copolymer (M,, =9275, M,, = 30,304, acid content = 0.61 mol/kg) can be further
processed directly.

Lil. Copolymer of methacrylic acid, methyl methacrylate and N-phenylmaleimide
A solution of 36.0 g (419 mmol) of methacrylic acid, 126 g (1.26 mol) of methyl
methacrylate, 18 g (104 mmol) of N-phenylmaleimide and 5.0 g of Trigonox C (Akzo
product) in 100 g of methoxypropyl acetate is added dropwise over the course of 2 hours
with stirring at 135°C under nitrogen to a mixture of 4.0 g ((26.5 mmol) of methacrylic '
acid, 14.0 g (140 mmol) of methyl methacrylate, 2.0 g (11.6 mmol) of N-phenylmaleimide
and 200 g of methoxypropyl acetate.

The solution is subsequently stirred at 135°C for 6 hours. The resuitant solution of the
copolymer (M,, =3883, M,, = 10,041, acid content = 0.933 mol/kg) can be further

processed directly.
112 Copolymer of 2-tetrahydropyranyl acrylate, methyl methacrylate and

2-dimethylaminoethyl methacrylate
A solution of 56.7 g (333 mmol) of 2-tetrahydropyranyl methacrylate, 33.0 g (33 mmol) of
methyl methacrylate, 0.27 g (1.72 mmol) of 2-dimethylaminoethyl methacrylate and 2.0 g
of azoisobutyroxiiu-ile in 50 g of méthoxypropyl acetate is added dropwise over the course
of 2 hours with stirring at 70°C under nitrogen to a mixture of 6.3 g (37 mmol) of
2-tetrahydropyranyl methacrylate, 3.67 g (36.7 mmol) of methyl methacrylate, 003¢g
(0.19 mmol) of 2-dimethylaminoethyl methacrylate and 100 g of methoxypropyl acetate.
Stirring is continued at 70°C, and, one hour after the addition, a further 0.5 g of
azoisobutyronitrile is added.



-22°- IL16. Positive etch resist A solution of 0.32 g of the || pepLacssimi: \;;—L-:s-:“r
photoinitiators Cyracure 6974 (Union Carbide), 0.08 g of Quanfjacure ng)(

(Cctel Chemicals), 0.09 g of Multiflow (Mnsanto) and 0.01 g Ofpdkaseld. IJM{ .
GN (Ciba) in 5.7 g of nmethoxypropyl acetate is added to a m xtire—ef g
of the solution fromExanple L11 and 5.0 g_g%_the solution from Exarrple L

12. The coating, exposure, developnent and etching are carried out in the

same nmanner as in Exanple I1.1, but a Staub LB 65-1/5000 Wlanp is used for

t he exposure. Exposure energy: 200 ml/cnR Devel opnment tine: 135 s

[ er r ]1/7 S pg ry pr e?ﬁ#{o?unknl?ﬁubséﬁh&ﬁiy stFB@RY05E §dt-a fhither 3 HBGS OlHe'rb@Mtant 3otubisd &6
OST LIV G o Gl &M, = 9334, M,, = 44,050) can be further processed directly.
II. Use examples

IL1. Positive etch resist

A solution of 0.23 g of the photoinitiator ch_acure® KI 85 (Degussa) and 0.04 g of
9-methylanthracene in 3 g of methoxypropyl acetate is added to a mixture of 2 g of the
solution from Example L1. and 3 g of the solution from Example L6. The resultant resist
solution is filtered and subsequently applied to a copper-laminated substrate (18 pm of
copper) by means of a K-bar coater (36 um). The coated substrate is dried for 10 minutes
at room temperature and subsequently for 15 minutes at 80°C, giving a resist film with a
thickness of 9 pm. Exposure is carried by means of a PR 340 ORC printer, SMX 7000H

- lamp, using a 21 step Stouffer sensitivity guide as mask (see W.S. DeForest, "Photoresist",

McGraw-Hill Book Co., N.Y., pp. 109 ff.). The exposed energy is 80 mJ/cm2, After about
5 minutes, the exposed plate is developed for 120 seconds with a 1% aqueous Na,CO3
solution (30°C, spray pressure 2 bar). After etching with CuCly/HCI solution at 45°C, a
relief image with the final imaged step being No. 4 is obtained. Structures of 50 yum are
‘well resolved.

The resist is subsequently removed by immersion in aqueous 5% NaOH solution at 30°C.

IL.2. Positive etch resist

A solution of 0.23 g of the photoinitiator Degacure® KI 85 (Degussa) and 0.04 g of
9-methylanthracene in 3 g of methoxypropy! acetate is added to a mixture of 3.5 g of the
solution from Example L2 and 1.5 g of the solution from Example 1.5. The coating,
exposure, development and etching are carried out in the same way as in Example IL.1.
The exposure energy is 80 mJ/cm2. The development time is 120 s at 22 °C and a spray
pressure of 2 bar. A relief image with the final imaged step being No. 3 is obtained.
Structures of 25 pm are well resolved.

IL.3. Positive etch resist

A solution of 0.23 g of the photoinitiator Degacure® KI 85 (Degussa) and 0.04 g of
9-'methylanthracene in 3 g of methoxypropy! acetate is added to a mixture of 2.5 g of the
solution from Example L2 and 2.5 g of the solution from Example 1.6. The coating,
exposure, development and etching are carried out in the same manner as in Example IL.1.
Exposure energy: 80 mJ/cm?

Development time: 120 s (30°C/spray pressure 2 bar)

Final imaged step: No. 3




A solution of 0.16 g of the photoinitiator diphenyliodonium
hexaf |'uor oarsenate, 0.08 g of Quantacure ITX (Cctel Chem cals .
Mul tiflow (Monsanto) and 0.01 g Orasol blau GN (Giba) in 5.7 g{|ohge UQJAN]QQS
met hoxypropyl acetatée is added to a m xture of 5.0 g of the s
Example 1.11 and 5.0 g of the solution fromjgxanple L 12. The coating,
exposure, devel opnent and etching are carried out in the sane manner as in
Exanple 11.1, but a Staub LB 65-1/5000 Wlanp is used for the exposure.
Exposure energy: 130 [err] Devel opnent time: 70 s [err]/spray pressure 1
bar) Final i magedsstydn: 288m,. 5 Resol ution: 25 [err] -23 - WHAT IS CLAI MED
IS: 1. A positive photoresist conposition which can be devel oped in
aqueous- al kal i ne nedi a,

I1.4. Positive etch resist

A solution of 0.16 g of the photoinitiator Cyracure 6990 (U nion Carbide) and 0.04 g of
Quantacure ITX (Octel Chemicals) in 1.83 g of methoxypropyl acetate is added to a
mixture of 1.5 g of the solution from Example 1.2 and 4.67 g of a 30 % solution of
Scripset 550 in methoxypropyl acetate. The coating, exposure, development and etching
are carried out in the same manner as in Example IL1.

Exposure energy: 125 mJ/cm?

Development time: 120 s (35°C/spray pressure 1 bar)

Final imaged step: No. 1 '

Resolution: 25 pm :

A comparative test with the solution from Example 1.2 after storage for 9 months at room
temperature shows no difference. |

ILS. Positive etch resist

A solution of 0.16 g of the photoinitiator Cyracure 6990 (Union Carbide), 0.04 g of
Quantacure ITX (Octel Chemicals) and 0.01 g of Orasolblau GN (Ciba) in 3 g of
methoxypropyl acetate is added to a mixture of 3.0 g of the solution from Example I.3 and
2.0 g of the solution from Example L.5. The coating, exposure, development and etching
are carried out in the same manner as in Example I1.1.

Exposure energy: 150 mJ/cm?

Development time: 100 s (30 °C/spray pressure 1 bar)

Final imaged step: Nr. 2

Resolution: 25 um

I1.6. Positive etch resist

A solution of 0.16 g of the photoinitiator Cyracure 6990 (Union Carbide) and 0.04 g of
Quantacure ITX (Octel Chemicals) in 2.17 g of methoxypropyl acetate is added to a
mixture of 2.5 g of the solution from Example L4 and 3.33 g of a 30 % solution of
Scripset 550 in methoxypropyl acetate. The coating, exposure, development and etching
are carried out in the same manner as in Example IL1.

Exposure energy: 30 mJ/cm?

Development time: 63 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm



conprisihg (a) at |east one honopol yner or copol yner contai ni 5}@9!d“|ahlienmtT
a- al koxyal kyl ester groups, (b) at l|l-east one carboxyl -containijhg copo r

in which the content of carboxyl groups is fromO0.40 to 5.50 |4k bygE
| east one conpound which forms an acid on exposure to actinic tasd: ation
and (d) an organic solvent. 2. A conp05|t|oq according to claim1l, in whi ch
conmponent (a) is a honopol ynmer or copol ynmer 8onpr|5|ng 8-100 % by wei ght of
recurring structural units of the fornula la and 92-0 % by wei ght of
Fecurring structural units of the formula Ib [err] in which Xis a direct
bond or a divalent organic group having 1-18 carbon atons, in which one or
more carbon atons may be replaced by oxygen, sulfur or non-basic nitrogen
atons, [err] andL].Posilive etehosesistdent | y of one another are hydrogen, [err]

[err] hal ogen, [Aedoldtion of 032 /g®f thbPhb@indiator Cyracure 6974 (Union Carbide), 0.08 g of
: Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
added to a mixture of 7.0 g of the solution from Example 1.3 and 3.0 g of the solution from
. Example L8. The coating, exposure, development and etching are carried out in the same
manner as in Example II.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 114 mJ/cm? '
Development time: 70 s (30°C/spray pressure 1 bar)
Final imaged step: No. 2
Resolution: 25 pm

" IL8. Positive etch resist
A solution of 3.2 g of the photmmuator Cyracure 6974 (Union Carbide), 0.8 g of
Quantacure ITX (Octel Chemicals), 0.4 g of Pergascriptblau S-RB (Ciba), 0.2 g of triazine
A ((PCAS) and 0.1 g of Orasolblau GN (Ciba) in 22,7 g of methoxypropyl acetate is
added to a mixture of 50 g of the solution from Example 1.3 and 50 g of the solution from
Example L9. The coating, exposure, development and etching are carried out in the same
manner as in Example IL1, but a 64 g roller coater is used for the coating and a Staub LB
65-1/5000 W lamp is used for the exposure.
Exposure energy: 114 mJ/cm?
Development time: 80 s (30°C/spray pressure 1 bar)
Final imaged step: No. 3
Resolution: 25 um

IL9. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g of
triazine A (PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropy! acetate is
added to a mixture of 3.0 g of the solution from Example 1.3 and 7.0 g of the solution from
Example L.10. The coating, exposure, development and etching are carried out in the same
manner as in Example II.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 114 mJfcm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 1

Resolution: 25 pm



unsubstituted or [err] hydroxyl- or hal ogen-substituted [err] ‘gﬁ p,fxf:the
radi cal of a hydroxyl-term nated pol yether or pol yester, and [ferr
[err] independently of one another, are hydrogen, [err] or [erb;te[er 9| dAN 199!

(AN NN A )

[err] or phenyl, [err] is hydrogen or [err] and [err] and [ernl S
I ndependent|ly of one another, are hydrogen,2¢err] or [err] -24 - or two

of the radicals [err] or [err] together with the carbon or oxygen atons to

whi ch they are bonded, forma 5- to 8-nenbered ring, [err] , and [err]

i ndependent|y of one another, are hydrogen, [err] unsubstituted or [err]

or hal ogen-substituted phenyl, hal ogen, [err] or [err] in which [err] is

as defined abovg,g blch @k [err] together with the carbon atons to

whi ch they are 20, . .
A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of

Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
added to a mixture of 5.0 g of the solution from Example 1.7 and 5.0 g of the solution from
Example 1.10. The coating, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 130 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 4 |

Resolution: 25 pm

IL.11. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto) and001g
Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is added to a mixture of 5.0 g of
the solution from Example 1.4 and 5.0 g of the solution from Example L11. The coating,
exposure, development and etching are carried out in the same manner as in Example IL1,
but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 130 mJ/cm?

Development time: 100 s (25°C/spray pressure 1 bar) |

Final imaged step: No. 4

Resolution: 25 um

IL12. Positive etch resist .

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto), 0.63 mg of
N-methylimidazole and 0.01 g Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is
added to a mixture of 5.0 g of the solution from Example 1.4 and 5.0 g of the solution from
Example I.11. The coating, exposure, development and etching are carried out in the same
manner as in Example IL1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 200 mJ/cm? '

Development time: 40 s (30°C/spray pressure 1 bar)

Final imaged step: No. 3

Resolution: 25 pm



[err] fi've-menbered ring having the structure [err] in which ;L§w+s v_i'.._, O SEET
hydr ogen, [err] [err] or hydroxyl -, al koxy- or hal ogen-subs i tuted
phenyl, with the proviso that the nean nol ecul ar wei ght (weig tgggquﬁﬂg@,.‘jﬁm_m_
t he honopol ynmer or copol ymer is 1000-500, 000 and the anpbunt oi=CaH-groHY
Is at nmost 0.4 nol/kg. 3. A conposition ac@grding to claim2, wherein
conponent (a) is at |east one honopol yner or copolynmer conprising recurring
structural units of the fornmula Ia in which [err] and [err] are hydrogen
and [err] is hydrogen or nethyl. 4. A conposition according to claim 2,
wher ei n conpon@&l3. Pasitiveetehiresigast one honopol yrrer or copol yrrer conpri sing
recurring stru " and
[err] are as d%%&%@gnﬂ?b%?g%ﬂ%@ﬁgfoﬁi%%% on cﬁé{;)nr%ﬁg% I%ﬁf
wher ei n conpon te‘aye MI%II%booggOfMlﬂUﬂow (MonsantO), 3mg Of
N-methylimidazole and 0.01 g Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is

added to a mixture of 5.0 g of the solution from Example .4 and 5.0 g of the solution from
Example I.11. The coating, exposure, development and etching are carried out in the same
manner as in Example 111, but a Staub LB 65-1/5000 W lamp is used for the exposure
Exposure energy: 200 mJ/cm?
Development time: 70 s (30°C/spray pressure 1 bar)

* Final imaged step: No. 3
Resolution: 25 um

II.14. Positive etch resist

A solution of 0.32 g of the photoinitiator Cyracure 6974 (Union Carbide), 0.08 g of
Quantacure ITX (Octel Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.2 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 6 g of methoxypropyl acetate is
added to a mixture of 4.0 g of the solution from Example 1.7 and 6.0 g of the solution from
Example 1.11. The coating, exposure, development and etching are carried out in the same
manner as in Example I1.1, but a Staub LB 65-1/5000 W lamp is used for the exposure.
Exposure energy: 130 mJ/cm?

Development time: 60 s (30°C/spray pressure 1 bar)

Final imaged step: No. 5

Resolution: 25 ym

I1.15. Positive etch resist :

A solution of 0.16 g of the photoinitiator (4-nitrophenyl)methyl
9,10-dihydroxy-2-anthracenesulfonate, 0.4 g of Pergascriptblau S-RB (Ciba), 0.2 g of
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate
is added to a mixture of 4.0 g of the solution from Example L7 and 6.0 g of the solution
from Example L.11. The coating, exposure, development and etching are carried out in the
same manner as in Example 111, but a Staub LB 65-1/5000 W lamp is used for the
exposure. '

Exposure energy: 130 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. 2

Resolution: 25 um



ho?mpol‘yrrer or copolymer conprising recurring structural uni of, 41@,1m:§1
formula Il in which [err] and [err] are hydrogen and [err] {|s hydrogen or |
net hyl . -25 - 6. A conposition according to claim1, whergin. corPheiaN 1996..
(b) is at least one honppol yner or copol yner conprising 5-40|\% by ei-ght —of ——-fH
recurring structural units of the fornmula-23a and 95-60 % by wei ght of
recurring structural units of the formula Ilb [err] in which [err] and X
are as defined in claim2, with the proviso that the mean nol ecul ar wei ght
(wei ght average) of the copolyner is 1000-500, 000 daltons and the content

of carboxyl grihugPositivé &ONredis#t0 to 5.50 nol/kg. 7. A conposition according
oy L S RN b B0 FOBPEIE o £, Y
and [err] ar e QnntasEREATX[(Orte} Chemicaly)y Q825 obMultifiop(Mogsanto) apd 091 giof ect bond.

Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is added to a mixture of 5.0 g of

the solution from Example 1.11 and 5.0 g of the solution from Example L12. The coating,

exposure, development and etching are carried out in the same manner as in Example IL.1,

but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 200 mJ/cm?

Development time: 135 s (30°C/spray pressure 1 bar)

Final imaged step: No. 2

Resolution: 25 um

e vt
s —— -

IL17. Positive etch resist

A solution of 0.16 g of the photoinitiator diphenyliodonium hexafluoroarsenate, 0.08 g of
Quantacure ITX (Octel Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g
Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is added to a mixture of 5.0 g of
the solution from Example I.11 and 5.0 g of the solution from Example 1.12. The coating,
‘exposure, development and etching are carried out in the same manner as in Example I1.1,
but a Staub LB 65-1/5000 W lamp is used for the exposure.

Exposure energy: 130 mJ/cm?

Development time: 70 s (30°C/spray pressure 1 bar)

Final imaged step: No. §

Resolution: 25 pm




8. 'A conposition according to cl ai m n co onent (b) | %E@L«teaﬂi AZET
one copol yner conprising recurring Eﬂmﬁ ﬁ of the f Fmul a ( eﬁ) I n
which [err] and [err] are hydrogen, n or vloaam..b. ...... JAN 1936
is phenyl or [err] in which R12 is [err] or at Ieast one cop R

conprising recurring structural units of thg fornula HH [err] I n which

[err] is phenyl. R15 9. A conposition according to claim2, wherein

conponent (a) is at |east one honopol yner or copol ynmer conprising 20- 100 %

by wei ght of recurring structural units of the fornmula la and 80-0 % by

wei ght of recurghag Btdueivigis:units of the formla Ib. - 26 - 10. A

conposi tion according to claim6, wherein conponent (b) is at |east one
copol yrer

1. A positive photoresist composition which can be developed in aqueous-alkaline media,
comprising

(a) at least one homopolymer or copolymer containing acid-labile o-alkoxyalkyl ester
groups, _ L

(b) at least one carboxyl-containing copolymer in which the content of carboxyl groups is
from 0.40 to 5.50 mol/kg, '
(c) at least one compound which forms an acid on exposure to actinic radiation, and

(d) an organic solvent.

2. A composition according to claim 1, in which component (a) is a homopolymer or
copolymer comprising 8-100 % by weight of recurring structural units of the formula Ia
and 92-0 % by weight of recurring structural units of the formula Ib

f T

o} C

R, X

2
)\ Rs H | (la),
0% No— c C-—R-,- -

OR, R
Rs Rﬁ

in which

X is a direct bond or a divalent organic group having 1-18 carbon atoms, in which one or
more carbon atoms may be replaced by oxygen, sulfur or non-basic nitrogen atoms,

Ry, R, and R3, independently of one another are hydrogen, C;-Cgalkyl, Cs-Cyqaryl,
C4-Cyptralkyl, halogen, -COOH, -COOR; or -CONR 3Ry 4, where R;; is an
unsubstituted or C;-Cgalkoxy-, hydroxyl- or halogen-substituted C,-C;galkyl group or the
radical of a hydroxyl-terminated polyether or polyester, and R;3 and Ry4, independently
of one another, are hydrogen, C;-C;zalkyl, Cs-Cyaryl or C¢-Cygaralkyl,

R, is C;-Cqalkyl or phenyl,

R is hydrogen or C;-Cgalkyl, and

Rg and R5, independently of one another, are hydrogen, C;-Cealkyl or C,-Cgalkoxy,



conprisi'ng 5-35 % by wei ght of recu7 ural units of fihgepOistihanT arzeT
Il la and 95-65 % by wei ght of recur "ﬂmﬂ ?orrm | a

nits of the

l1b. 11. A conposition according to &l atm , ,. I’ﬂl ng 10- 95|% kb ¥vveg§ntJANl&$
of conponent (a) and 90-5 % by wei ght of conponent (b) based llap--+ sHm-gf———
conmponents (a) + (b). 12. A conposition accegding to claim1, V\,herel n

conponent (c) is a photosensitive diazonium sulfonium sulfoxonium or

i odoniumsalt or a photosensitive sulfonic acid ester. 13. A conposition
according to claim1, wherein conponent (c) is triphenylsulfonium

trif 1 uor onet hangsiwofof Bdlrdicdls l@nxg&tﬁf REHER ARIGBE LAFOOIAGH Sy BB i to which
tri phenyl sul fonl um h%oa&}%gﬁ)‘ ?‘8 te henyl sul f oni um

hexaf | uoroarsen ﬁ’r hexaf | uor oanti nonate of the
fol I owi ng sul foRs.le,qumgld Ryringepe: ycfpnmangthanamhv@@ﬁn, Cotmalkylo 10. 14.
A conposi tion agssabdinited ér0CLCahly1l, CVOakeky! o Aalbdredibstiteted pRen§E hilegeapr opy |

acetate. 15. A ess fo r.el e t a circuit
board, which coﬁb?f?@? gtdtﬂgz’ bg%%g?? {e&é\lni’tlﬂw cfhé %m%eaag{%rdl ng to
claim1, and exp&gﬂ@l{lm@ogmhptmth the carbon atoms to which theyarebonded form a

Rg Rio

- C
five-membered ring having the structure O/LN )\O , in which Ry is hydrogen,

|
Rys

C;-C;galkyl, Cs-C, 4aryl, C-Cyparalkyl or hydroxyl-, alkoxy- or halogen-substituted
phenyl,

with the proviso that the mean molecular weight (weight average) of the homopolymer or
copolymer is 1000-500,000 and the amount of COOH groups is at most 0.4 mol/kg.

3. A composition according to claim 2, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula Ia in
which R; and R, are hydrogen and R is hydrogen or methyl.

4. A cbmposition according to claim 2, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula IIT

I‘ 21 Zs |
L & o)\Jo o @

in which
R;, Ry and Rg, are as defined in claim 2.

5. A composition according to claim 4, wherein component (a) is at least one
homopolymer or copolymer comprising recurring structural units of the formula II in
which R, and R, are hydrogen and Rj is hydrogen or methyl.



obtai ned after renoval of the sol vent imagew se and subsequent] QEXEL,QQNQ%HEET
t he exposed -27 - filmin a lw ﬂEMﬂMﬂLI“’e medi um 16. ro ﬁ
according to claim15, which ¢ ow ng steps: ( D8 atlganANm
copper -l am nated substrate with a corrp05|t|on *according to cl

application of liquid resists by known nethads; (B) renoval of the sol vent

by drying at tenperatures of from[err] to Jerr] (C) exposure to actinic

radi ation through a mask or by neans of direct laser irradiation; (D)
devel opnment usi ng aqueous-al kal i ne or sem aqueous- al kal i ne devel oper

sol uti ons: () eeAGBnpGitnt hosss cifm WSaltholn e&@m ik B Spe (F)

r enoval of t he B@rem st cq t\r;:g Srﬁ% sf ripprn vmth strong

aqueous bases gﬁ BPBY YD, r‘fPEo B¢ mpgsmg y weight of recurring structural units of
the formula IIa and 95-60 % by weight of recurring structural units of the formula ITb

ra
C C
I- ' ' J ' (ITa),
R, X\
COOH .

Rn | '

in which R;, Ry, R3, Rg, Ry, Ryq, Ry; and X are as defined in claim 2, with the proviso that
the mean molecular weight (weight average) of the copolymer is 1000-500,000 daltons
and the content of carboxyl groups is from 0.40 to 5.50 mol/kg.

7. A composition according to claim 6, wherein component (b) is at least one
homopolymer or copolymer comprising recurring structural units of the formula (IIa), in
which R, and R, are hydrogen, R; is hydrogen or methyl and X is a direct bond.

8. A composition according to claim 6, wherein component (b) is at least one copolymer
comprising recurring structural units of the formula (IIb) in which Rg and Rg are
hydrogen, Ryq is hydrogen or methyl and Ry, is phenyl or -COOR;,, in which Ry, is
C,-C,galkyl, or at least bne copolymer comprising recurring structural units of the formula

H H
1 {
—_—C—C —
0PNy o’ in which R, s is phenyl.

|
Rs

9. A composition according to claim 2, wherein component (a) is at least one
homopolymer or copolymer comprising 20-100 % by weight of recurring structural units
of the formula Ia and 80-0 % by weight of recurring structural units of the formula Ib.
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10. A composition accordihg to claim 6, wherein component (b) is at least one copolymer
comprising 5-35 % by weight of recurring structural units of the formula ITa and 95-65 %
by weight of recurring structural units of the formula IIb.

11. A composition according to claim 1, comprising 10-95 % by weight of component (a)
and 90-5 % by weight of component (b), based on the sum of components (a) + (b).

12. A composition according to claim 1, wherein component (c) is a photosensitive
diazonium, sulfonium, sulfoxonium or iodonium salt or a photosensitive sulfonic acid
ester.

13. A composition according to claim 1, wherein component (c) is triphenylsulfonium
trifluoromethanesulfonate, triphenylsuifonium hexafluoroantimonate, triphenylsulfonium

hexafluorophosphate, triphenylsulfonium hexafluoroarsenate or a hexafluorophosphate or
hexafluoroantimonate of the following sulfonium ions:

OF-O4-0

]

in which m is an integer from 1 to 10.
14. A composition according to claim 1, wherein component (d) is methoxypropyl acetate.
15. A process for the production of relief structures on a circuit board, which comprises

coating a substrate with a composition according to claim 1, and exposing the film
obtained after removal of the solvent imagewise and subsequently developing the exposed



_—

vt

- w e

Date 09JAM19$

-27 -

film in an aqueous-alkaline medium.

16. A process according to claim 15, which comprises the following steps:

(A) coating a copper-laminated substrate with a composition according to claim 1 by
application of liquid resists by known methods;

(B) removal of the solvent by drying at temperatures of from 30°C to 130°C; .

(C) exposure to actinic radiation through a mask or by means of direct laser irradiation;

(D) development using aqueous-alkaline or semiaqueous-alkaline developer solutions;

(B) etching with acidic or weakly alkaline etchants;

(F) removal of the photoresist coating which remains by stripping with strong aqueous
bases and/or organic solvents. '



