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DESCRIPTION

Novel Matrix Resin for High-Temperature Stable Photoimageable

Compositions

The present invention relates to a novel composition of matter, in the form of a graft
5 copolymer of monomeric or lower oligomeric hydroxypheny! units grafted onto a

parent polymer backbone containing reactive sites, to a process for its production,

and to its use as a matrix resin in photoimageable compositions either in a pure form

or in admixture with other polymeric materials.

Introduction

10 Novolak resins are commonly used in photoresists of the dissolution inhibition type,
as in the diazonaphthoquinone (DNQ)/novolak systems, which at present make up the
bulk of the photoresist world market. In such systems, the novolak is used as a
matrix resin because of its very strong interaction with the photoactive compound,
which allows effective dissolution inhibition and particularly favorable imaging and

15 resolution properties. As an additional strong point, these resist materials show a
sufficiently good resistance (i.e., high ratio of substrate vs. resist removal) to plasma
or reactive ion etch processes to be particularly useful in such applications.
However, a weak point of the novolak-based materials is the comparatively low
temperature at which relief structures formed from such resists deform under the

- 20 influence of increased temperatures, such as may occur during dry etch processes.

' For most of the commercial DNQ/novolak resist materials, large structures (which are
mor; susceptiblé to thermal flow than small ones) show a degradation of the edge
profiles at temperatures between 100 and 130°C. Such a degradation of the edge
profiles is undesirable because it translates into a linewidth change when the resist

25 structure is transferred into the underlying substrate in a dry-etch process. While
technical procedures, such as deep UV curing, are available which enhance the
thermal flow resistance of the relief structures, these procedures increase the process
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proeess ffor its production, and to its use_gs.a matrix resin in

phot oi eabl e conpositions either in a pure formor in adm xture with
ot her polyneric materials. I nt roducti on Novol ak resins are conmonly
used i A photoresists of the dissolution inhibition type, as in the

di azoglapht hoqui none (DNQ) / novol ak systens, which at present nake up the

complexity, are prone to the generation of particulate defects, and may result in
difficulties when the remaining resist is to be stripped after the etch process.
Inherent (i.e., unassisted by additional processing) high thermal flow resistance is

therefore a desirable property of a photoresist.

5 Novolak resins of the type typically used in commercial photoresists have glass
transition temperatures between 90 and iZO‘C. It has been suggested that the
addition of multifunctional diazonaphthoquinones, such as, e.g., ester mixtures of
trihydroxybenzophenone-2,1,5- or -2,1,4-diazonaphthoquinone sulfonates, increases
the glass transition temperature of the resist through partial crosslinking of the resin

10 by thermal ketene formation from the diazonaphthoquinone, and subsequent addition
to the resin hydroxy groups to form a phenolate ester of indenecarboxylic acid. Such .
a mechanism would explain the observation of thermal flow stabilities which exceed
the matrix resin's glass transition temperature, while at the same time providing a
reason for the (weak) correlation between resin glass transition temperature and

15 thermal flow temperature.

It should therefore be possible to use as matrix resins phenolic resins with higher
glass transition temperature in order to increase the thermal flow stability of the
photoresist. One such phenolic resin is poly(4-hydroxystyrene), which has a glass
transition temperature of 182°C, which would make it véry well suited for a high-

20 temperature stable resist. However, poly(4-hydroxystyrene) has a very high
dissolution rate in standard strength developers, e.g., in 2.38% TMAH developer, its
dissolution speed is between 12 and 20 ym/min, depending on the molecular weight.
With such a high di3solution rate, poly(4-hydroxystyrene) is very difficult to inhibit;
resis; foxmulatipris of poly(4-hydroxystyrene) and diazonaphthoquinones typically

25 show very high dark erosion rates which are incompatible with high-resolution
applications. The obvious way to increase the thermal stability of novolak resists by
substituting part of the novolak resin by poly(4-hydroxystyrene) is not successful
since poly(4-hydroxystyr¢ne) and novolak show polymeric incompatibility leading to
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Summary of the Invention

The present invention proposes to use a novel composition of matter to provide a
5 photoresist matrix resin with both high thermal stability and good dissolution

inhibition. To this purpose, a resin possessing 5.high glass transition temperature and
containing reactive sites on an aromatic structure is reacted with monomeric or
oligomeric phenolic units in such a way that the monomeric or oligomeric phenolic
units are attached to the aromatic rings of the polymer. Such a structure is

10 commonly called a graft or comb co-polymer. In the preferred embodiment of this
invention, monomeric, dimeric or higher oligomeric methylene phenol units are
attached to a parent polymer, such as to the 3- and/or 5- positions of poly(4-
hydroxystyrene), to form the graft co-polymer. It is found that the graft 9o-polymer
possesses both high thermal stability and good dissolution inhibition, i.e., it combines

15 the good properties of both the parent polymer, e.g. poly(4-hydroxystyrene) and the
grafted polymer, e.g. a novolak resin.

The present invention relates to a composition comprising a parent polymer
cpntaining aromatic rings with reactive sites tb which side groups containing
hydroxy-substituted aromatic rings have been attached by a covalent chemical bond.

20 The parent polymer is preferably a homo- or co-polymer of a hydroxy-substituted
styrene, e.g. a homo- or co-polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-
hydroxystyrene.

In a preferred embodiment, the graft groups comprise hydroxymethyl-substituted
aromatic systems of the general formula:
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process. Vhile technical procedures, such as deep WV curing, are avail able
whi ch _enhAnce the thermal flow resistance of the relief structures, these
procedurgs increase the process -4 -
i I :

ZR‘ OH

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:

A

where R to Rg can be hydrogen, C, to C, alkyl or hydroxy.

The number of aromatic rings in the side chain is preferably from 1 to 4. The side
S chains can be all-ortho bonded novolak units of the general structure:

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 t0
3.
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mixtures thereof;
4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzyl alcohol,
5 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-hydroxymethyl-m-

cresol, 6-hydroxymethyl-2,4-xylenol, 4-hydroxymethylresorcinol;
2) the dimeric graft groups:

R, Rir R, Ra
N
© CH; R} OH

where R,, to R,, can be hydrogen, C, to C, alkyl, or hydroxy, such as

3) the trimeric graft groups, where for the first time it is possible to have a
10 3 branching side chain:
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The present invention also relates to a process for preparihg the composition of the
present invention by mixing a parent polymer and the graft groups under conditions
5 conducive to the formation of a covalent chemical bond between the graft groups and
the parent polymer. The parent polymer is preferably a homo- or co-polymer of a -
hydroxy-substituted styrene, more preferably a homo- or cb-polymer of 4-
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene. In a preferred process, the
graft groups are systems of the general formula: |

10 where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:

CH R OH
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substantially all-ortho bonded novolak units of the general structure:

3

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is O to
3. The graft groups may be monomeric methylene phenols or mixtures of methylene.
5 phenols, such as one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol,

3-hydroxybenzyl alcohol, 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-
hydroxymethyl-m-cresol, 6-hydroxyméthy1-2,4-xy1enol, or 4-hydroxymethylresorcinol.
The subject process may further comprise mixing the parent polymer and the graft
groups under conditions conducive to the formation of a chemical bond between the

10 graft groups and the parent polymer, the parent polymer is preferably a homo- or co-
polymer of a hydroxy-substituted styrene, e.g. a homo- or co-polymei 4-
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

In a preferred procesé, the graft groups are systems of the general formula:

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
15 of the general formula:
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where R, to R, can be hydrogen, C, to C, alkyl or hydroxy.

Detailed Description of the Preferred Embodiments

The oligomeric graft groups may be synthesized by successive
hydrox)}methylaﬁonlnucleophﬂic addition reactions. Unless mixtures are desired, it
S may be necessary to use protective groups to obtain some of the substitution patterns.

Particularly advantageous are bromine or chlorine protective groups which may be
removed by hydrogenation before or after introduction into the polymer. All-ortho
linear graft groups may alternatively be synthesized via selective chain growth
reactions, e.g. by the reaction of salicyl alcohol with methylmagnesium bromide, even

10 if the para positions are free. For successive hydroxymethylation/nucleophilic
addition reactions, it is particularly advantageoﬁs to start with an o,p-disubstituted
phenol, hydroxymethylation of which results in a well-defined product. By further
reaction with p-cresol, well-defined graft groups may be obtained:
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OH OH
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base © © OH  (exoens) |
OH OH OH OH

HeC=0 @ © @
OH
base . ote.
OH OH OH

The graft groups are then attached to the parent polymer in a nucleophilic addition
reaction. In the particular case of hydroxymethyl groups, this may be effected using
an acid catalyst. In the preferred case of poly(4-hydroxystyrene) as the parent

5 polymer, this results in the attachment, via a methylene bridge, of one or possibly
two graft groups in ortho position to the hydroxy group. A distinction may be made
between those graft groups which do not possess reactive sites for further addition
and those which possess one or more such sites. In the following, the former will be
called terminated graft groups, and the latter unterminated graft groups.

10
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mono-or di-substitution. This reaction will result in the formation of di- and trimeric
pendant novolak units for monomeric pendant graft groups, tri- and pentameric
pendant novolak units for dimeric graft groups, etc. In contrast, with the

5 unterminated graft groups, every addit%on generates one Or more reactive sites in the
pendant chain for each addition site used. With unterminated graft groups, it would
therefore be possible in principle to build an arbitrarily long sidechain.

Practical experimentation shows, however, that under the conditions of the grafting

experiment, the addition to the reactive sites of the polymer is not the only reaction
10 that occurs. The GPC traces of the grafting reaction products (Example 3) show that,

even for terminated graft groups, _'

a) there is a low molecular weight fraction formed, the relative amount of which

increases with the loading of the graft groups;

b)  the molecular weight of the graft copolymer increases more quickly than can
15 be explained by the addition of the graft groups.

Both effects are presumably due to side reactions of the graft groups. One possible

side reaction is ether formation, e.g.

ch-o : : : :
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In a second step, formaldehyde is liberated from the ether to yield an oligomeric
novolak (a tetramer in this example). Under the conditions of the graft group
addition, formaldehyde may add to the graft copolymer (either to reactive sites in the
main chain or to reactive sites in the pendant side chains, e.g., on unterminated graft
groups). The methylol groups thus formed may react in turn with other reactive sites
on the polymer, leading to partial cross-linking and a concomitant large increase in
molecular weight. .

A second possible side reaction is cleavage of the methylene bridges, which is known
to occur in-n_ovolalfs under acidic conditions. Such methylene group cleavage might
lead to untermination of supposedly terminated graft groups, to the formation of odd-
numbered novolak cligomers by cleavage and/or recombination of graft groups, or . -
partial crosslinking of the polymer if new methylol groups/reactive sites are generated
on pendant side chains. |

The extent to which these reactions occur depends largely on the nature of the
reaction conditions and the catalyst employed. It is believed that strong acids, such
as, e.g., methanesulfonic acid or oxalic acid, w111 generally favor cleavage reactions,
while weaker acids such as, e.g., acetic or maleic acid, or Lewis acid catalysts, such
as, e;g., magnesium or zinc ions, will minimize methylene bond cleavage reactions.
Cleavage reactions will also generally be favored by long reaction times and higher
reaction temperatures.

The glass transition temperatures of the products obtained from the reaction between
the gEaft groups and ‘the parent poly(4-hydroxystyrene) were slightly lowered with
respect to those,of the parent polymer (Example 3). However, they were still much
higher than generally observed for the novolak resins used in lithbgraphy. The
dissolution rate tests performed on the graft co-polymers showed that it is indeed
possible to reduce the dissolution rate of poly(4-hydroxystyrene) by the attachment of
pendant, novolak-like sidechains (Example 3). Dimeric graft groups proved to be

more effective in reducing the dissolution rate than monomeric ones. In fact, at
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higher degrees of grafting (20 mole-% and above), the reduction in dissolution rate

. caused by dimeric graft groups was found to be larger than necessary for lithographic

work, which led to a low photospeed in resist formulations with diazonaphthoquinone

sensitizers.

The copolymers comprising the matrix resin of the present invention may be mixed
with one or more novolak resins in photoresist compositions. Such photoresists also
contain a photosensitizer and a suitable solvent. The compositions of the present
invention may be used in an amount between 1 and 99% (by weight, w/w), _
preferably between 15 and 75% wiw, more preferably between 30 and 70%, most
preferably between 40 and 60%, of the resin mixture.

The matrix resin comprising the composition of the present invention may further
comprise a base soluble or base-swellable additional polymeric or oligomeric
material. The additional polymeric material may be polyhydroxystyrene derivative or
a novolak.

When the polymers were mixed with novolak resin in order to obtain photoresists
with higher sensitivities, it was totally unexpectedly found that the poiymeric
incompatibility of the parent poly(4-hydroxystyrene) with novolak was greatly
decreased for the graft copolymers with higher degrees of grafting (Example 9). It
proved possible to obtain high-resolution structures of 0.4 um lines and spaces in a
resist formulation employing a diazonaphthoquinone sensitizer under process
conditions which are commonly employed in the industry. The thermal properties of
the finished resist relief structures proved also to be most satisfactory. Large
structures, for which the thermal flow temperature is known to be lower than the one
observed for small features, showed no evidence at all of flow after heating at 135°C
for 2 minutes on a hotplate, irrespective of whether the pure graft co-polymer or a

1:1 mixture with a novolak resin was used. In comparison, the same resist

formulation using only the novolak resin showed, after identical processing, a
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beginning deterioration of the sidewall angle of large features at about 120°C, clearly

visible deterioration at 125°C, and severe deformation at 130°C.

Additionally, it was found that the UV absorptivity of the graft co-polymers was
comparable to that of the parent poly(4-hydroxystyrene) even for high degrees of
5 substitution with all-ortho novolak-like sidechains (Example 7). This unexpected
property makes the graft co-polymers useful as matrix polymers in resists intended
for use with UV2 (220-260nm; deep UV) radiation. The high glass transition
temperature of the graft co-polymers may also be expected to translate into a high
mechanical hardnes$, which makes them useful as matrix resins for positive-tone

10 printing plates with a high resistance to mechanical wear during the printing process.
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The following examples are provided to illustrate the invention. They are not

intended to limit the scope of the invention in any way.

2,4-dimethyl-6-(hydroxymethyl)phenol
5 75 g of NaOH were dissolved in 300 ml of deionized (DI) water. 183.3 g 2,4-

dimethylphenol were added, and the mixture was cooled to 15-20°C. 188 g of
aqueous formaldehyde (made from 152g 37% formalin diluted with 36 g water) were
added over half an hour, while the temperature was maintained below 20°C. After
stirring overnight, Thin Layer Chromotography (TLC) in 2:1 hexane/ethyl acetate

10 showed a single spot, and no remaining 2,4-dimethylphenol. The pH was then
adjusted to 6 - 7 with about 200 m! of 50% agueous acetic acid. The mixture was o
transferred to a 2 liter beaker, and extracted with ethyl acetate (400 ml). Removal of
the ethyl acetate in 'a vacuum gave 221.0 g (97.4%) of the desired product as a clear
oil or a low-melting solid.

15 Example 2: thesis of a8 termingt ri ft

1. 1-(2-hydroxy-S-methyl)phenyl-1-(2-hydroxy-3,5-dimethylpheny)methane
75.6 g of 2,4-dimethyl-6-(hydroxymethyl)phenol (Experiment 1) and 432.6 g p-cresol
were charged into a 1 liter 3-necked flask. 1 ml of methanesulfonic acid was added
with rapid stirring, whereupon the temperature rose form 35 to 60°C. The mixture
20 was stirred for 4 hours at 45-50°C, stirred overnight at ambient temperature, and
reacted at 65-70°C for 6 hours. No new spot was observed in the TLC. The mixture
was diluted with 250 ml methanol and drowned out into 3 liters of water. A very
gummy precipitate was obtained by decantation which was dissolved in 500 ml
methanol. A second drownout step again resulted in a gummy mixture. The product
25 was finally isolated from the methanol solution by distilling off methanol, water and
p-cresol under reduced pressure, taking up the glassy residue in 500 ml of methanol,
and drowning out into ice water. After drying, the yield was 98.5 g (81.6%) of a
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white powder melting at 138-140°C. The TLC showed a single spot close to that of

the p-cresol educt.

2. 1-2-hydroxy-3-hydroxymethyl-5S-methyl)phenyl-1-(2-hydroxy-3,5-dim ethyl-
pheny)methane

To a solution of 16.0 g of NaOH in 300 ml of water were added 90 g of 1-(2-
hydroxy-5-methyl)phenyl-1-(2-hydroxy-3,5-dimethylphenyl)methane over a period of
half an hour. 45 g of 34% formalin were added to the mixture over a period of 30
minutes at a temperature of 25-30°C. The reaction mixture was stirred at room
temperature for thrée hours, whereupon TLC in hexane/ethyl acetate showed a large
amount of starting material and one lower (r.f.) spot. After stirring over the
weekend at ambient temperature, TLC showed no starting material present, and a __
single new spot. The pH was adjusted to 7 with 45 ml of glacial acetic acid, which
led to a heavy precipitation of a solid product. After diluting with 250 ml of water
and stirring for half an hour, the product was filtered off and washed with 2 liters of
DI water, then dried in vacuo at 60°C. The yield was 98.0 g of tan crystals, melting
at 134-136°C.

rocedure for the synthesis of poly(4-hydr ne) graft
co-polymers
60 g of poly(4-hydroxystyrene) were dissolved in 300 ml of
propyleneglycolmonomethylether (PGME), and the desired amount of the graft group
was added. After adding 2.0 ml of methanesulfonic acid, the mixture was stirred for
1 hour, allowed to sit overnight, and then heated to 100°C for 5 hours. No trace of
the graft group was observed by TLC after this period. After cooling, the mixture
was diluted w1th 250 ml of methanol and drowned out into 7 1 of DI water over a
period of 45 min. The resulting slurry was stirred for 1 hour, filtered, washed with 6
liter of DI water, and dried in vacuo at 40°C. The graft co-polymers were obtained
as yellow to brownish granular solids or powders.
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The polymers were characterized by Differential Thermal Calorimetry (DTC)
measuréments to obtain their glass transition temperatures, by gel permeation
chromatography (GPC) vs. polystyrene standard to obtain molecular weights and
molecular weight distributions, and by dissolution rate measurements on resin-coated
silicon wafers. The resin coating was applied in a spin-coating process from an
approx. 25% resin solution in propyleneglycol monomethylether acetate (PGMEA) to
silicon wafers, which were then baked for 30 min in a convection oven at 90°C. The
inidal film thickness of the resins was between 1.5 and 2.0 ym. The dissolution rate

measurements were carried out using a Xynex laser interferometer for endpoint

detection on imme‘rsion—develo;;ed wafers. A commercial metal-ion free developer,
AZ312 MIF (available frpm Hoechst Celanese Corporation), was used (base
concentration 2.38% w/w tetramethylammonium hydroxide, or 0.265 N).

A series of graft co-polymers were synthesized using the general procedure of
Example 3, starting from a poly(4-hydroxystyrene) of molecular weight 10,000 and
dispersity 1.4 (obtained by free radical polymerization and subsequent deprotection of
4-acetoxystyrene). The graft group used was 1-(2-hydroxy-3-hydroxymethyl-5-
methyl)phenyl-1-(2-hydroxy-3,5-dim ethylphenyl)methane (of Exampie 2), a dimeric,
terminated graft group. The graft group was used in an amount of 10, 15 and 20
mole-%, relative to the number of monomer units in the poly(4-hydroxystyrene).
Witll the exception of the first experiment in the series, the yields of the
corresponding grhft co-polymers were practically quantitative:
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polymer number 4-1 4-2 4-3
amount of graft group (mole-%) 10 15 20
weight of graft group 13.5 20.3 27
weight of poly(4-hydroxystyrene) 60 60 60
5 weight of isolated graft co-polymer 77.3 84.4

62.7

The glass transition temperatures of the polymers were somewhat lower than that of the
starting poly(4-hydroxystyrene) (P4HS), but still in a range beyond that which is typical

for novolaks;
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mole-% of graft

glass transition

groups added temperature
parent P4HS 0 182
polymer 4-1 10 168.7
polymer 4-2 15 163.8
polymer 4-3 20 160.4

The GPC experiment revealed one of the reasons for the decrease in 'glass transition
temperature (which would not necessarily be expected to occur by addition of side
chains of this size and nature). As ﬂmady discussed above, ether formation and
subsequent formaldehyde extrusion as well as methylene bond breakage may lead to
the formation of a low molecular weight fraction. The products 4-1 to 4-3 therefore
show a greatly increased polydispersity. As may also be seen by inspection of the
Table below, the weight average molecular weight increases far more quickly with
increasing amounts of graft groups than can be explained by the simple weight
addition. As explained above, this effect is presumed to be due to a partial
crosslinking of the parent polymer by free formaldehyde.

-
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| mole-% | experimental. | expected number poly-
graft weight av. weight av. av. disper-
groups molecular molecular | molecular sity
weight weight weight
parent P4HS 0 10,000 10,000 7,100 1.4
polymer 4-1 . 10 27,237 - 13,100 1,567 17.4
polymer 4-2 15 35,986 14,650 2,831 12.7
polymer 4-3 20 61,964 16,200 L 2,736 22.7

The dissolution rates of the graft co-polymers 4-1 to 4-3 were determined as follows:
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4 nore preferably a hono- or co-polynmer of 4- hydroxystyrene,
fir oxystyrene or 2-hydroxystyrene. In a preferred process, the graft
ps are systens of the general fornmula: '

mole-% dissolution rate in 0.265N
graft groups TMAH [pm/min]
parent P4HS 0 ca. 18.7
polymer 4-1 10 3.69
polymer 4-2 | 15 1.18
polymer 4-3 20 0.35

A commercial poly(4-hydroxystyrene) polymer, Maruka Lynkur, obtained from
Maruzen America, Inc., with an initial weight average molecular weight of 7,500 and
an initial polydispersity of 2.0 was reacted according to the general procedure of
Example 3 with various amounts of 1.) 4-hydroxybenzyl alcohol, and 2.) 2- -
hydroxybenzyl alcohol. The following results were obtained for dissolution rate R
(in 0.265 N aqugou'é tetramethylammonium hydroxide developer), molecular weight,
and polydispersity:
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1. 4-Hydroxybenzyl alcohol
Experiment Y% wiw R [um/min] MW D Ratio Ratio
number grafter MW/MWI0 D/D,
5-1-1 15 9.147 8,855 6.86 1.18 34
5-1-2 20 8.566 9,036 734 1.20 3.6
5-13 25 7.885 15,006 12.7 20 64
2. 2-Hydroxybenzyl alcohol
Experintent Ye wiw R [pm/min]} MW D Ratio Ratio
number grafter MW/MW, D/D,
5-2-1 15 8.906 7,451 7.1 1.00 39
5-2-2 20 9,685 8,129 831 1.08 42
5-2-3 25 9.028 9,841 11.8 131 - 59
le 6: tion of poly(4-hydr. n ft lymer:;

The graft co-polymers of Example 4 were dissolved in methanol at concentrations of

approx. 100 mg/liter. This concentration was chosen because in the 1 cm couvettes
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used, it closely approximates the absorptivity of a 1 um thick film of the resin. At
248 nm, the following absorptivities were obtained:

mole-% absorptivity at 248 nm ratio vs. parent
graft groups | of a 100 mg/l solution | polyhydroxystyrene
in MeOH

parent P4HS 0 0.07 1

polymer 4-1 10 0.09 1.29
5 polymer 4-2 15 0.095 1.36

polymer 4-3 20 0.10 : 143

le 7; Lit hic evaluation of 4-h n ft L

The graft co-polymers of Example 4 were mixed in a concentration of 80% w/w of
solids with a diazonaphthoquinone sensitizer at 20% of solids, with sufficient
10 propyleneglycohnonorqethylether acetate added to make up a photoresist solution of

approximately 23% w/w solids content. The photosensitizer used consisted of an
ester mixture of diazonaphthoquinone-2,1,4- and -2,1,5-sulfonates of 1,1,1-tris-(4-
hydroxyphenyl)ethane, with a 2,1,4-sulfonate to 2,1,5-sulfonate ratio of about 3:7,
and a total degree of esterification of about 100%. The photoresist solutions were

15 then coated onto silicon wafers by spin coating to yield an approx. 1 um thick film,
after drying on a hotplate at 100°C for 1 minute. Exposure on a Nikon i-line stepper
with a numerical aperture of 0.54, followed by a 1 min/100°C post exposure bake on
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a hotplate and by immersion development in 0.265 N TMAH for 60 sec yielded the

following results:

BOTIUS 94 PB LES 3

photoresist mole-% resolution photo- remarks
from: graft limit speed
groups (nm (mY/cm?)
lines&spaces)
polymer 4-1 10 0.50 66 - structures look
pockmarked, wall
angles >80°.
polymer 4-2 15 0.40 150 less pockmarking and
scum,
vertical sidewalls
polymer 4-3 20 0.40 - 0.35 290 good structures w.
vertical sidewalls, still
somewhat '
underexposed

The thermal stability of the structures was then tested using large resist pads (50x50
um).* The wafers containing the features were postbaked at various temperatures for

two minutes on a hotplate, and then examined relative to an unbaked reference

structure. No evidence for thermal flow or wall angle degradation could be observed

up to the highest temperé.ture studied (135°C). In contrast, a novolak-containing
photoresist with the same sensitizer showed evidence for beginning thermal flow at

115°C after identical processing (cf. Comparative Example 9).
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The procedure of Example 7 was repeated with the difference that the matrix resin

used in the photoresist was not the pure graft copolymers of Example 4, but a 1:1

mixtuare of said graft co-polymers with a novolak. The novolak used consisted of a
formaldehyde polycondensate of a m-cresol/3,5-xylenol mixture and exhibited a glass

transition temperature of 105°C as well as a dissolution rate of about 2.4 um/min in

the developer of Example 7. Using the photoresist process of Example 7, the

following results were obtained for the mixtures:

noyolak, 1:1

polymer 4-3 and

photoresist resolution limit photo- remarks

from: _ (um speed

' lines&spaces) (mJ/cm3?) )

polymer 4-1, and 0.50 190 structures look pockmarked,

novolak, 1:1 heavy scum evident,
possible strong polymer
incompatibility

polymer 4-2 and 0.40 200 less pockmarking and scum,

.| novolak, 1:1 less incompatibility
0.40 200 good structures w. vertical

sidewalls, no scum evident,
no signs of polymer

incompatibility..

The 1:1 mixtures showed improved thermal stability over identically process samples

130°C.

of the pure novolak resin. No thermal flow was evident at bake temperatures of

al cohol ,
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When a 9:1 mixture of polymer 4-3 with the novolak was investigated as above, the

structure transfer quality remained unchanged, but no thermal stability improvement

was observed.

5 The novolak used consisted of a formaldehyde polycondensatel of a m-cresol/3,5-
xylenol mixture and exhibited a glass transition temperature of 105°C as well as a
dissolution rate of about 2.4 um/min in standard 0.265 N agueous
tetramethylammonium hydroxide developer. A photoresist was formulated with this
novolak in the manner described in Example 7, with the difference that the novolak ,

10 was used as the marix resin instead of thé graft co-polymers. The same photoresist
process and test method as in Examples 7 and 8 yielded a photospeed number of 190
mJ/cm? and a maximum resolution of 0.35 um for line&space features. The thermal
stability test of Examples 7 and 8 yielded evidence of beginning degradation of the
resist wall angle at 115°C, and showed severe flow above 120°C.
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Claims:

What is claimed is:

1. A composition comprising a parent polymer containing aromatic rings with
reactive sites to which side groups containing hydroxy-substituted aromatic rings

have been attached by a covalent chemical bond.

2.  The composition of Claim 1 wherein the parent polymer is a homo- or co-

polymer of a hydrbxy-substituted styrene.

3. The composition of Claim 2 wherein the parent polymer is a homo- or co- |

polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

4.  The composition of Claim 1 wherein the side group is a novolak monomer or

oligomer of the general formula:

where R, to R, are hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of
the general formula:" '

A
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5. The composition of Claim 4 wherein the number of aromatic rings in the side

chain is from 1 to 4.

6.  The composition of Claim 5 wherein the side chains are all-ortho bonded

novolak units of the general structure;

S where R, to R,; are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3, N

7. The composition of Claim 6 wherein n is 0 or 1, and R,, R,, and R, are
methyl, and R,, R,, R,, and R, are hydrogen.

8.  The composition of Claim 5 wherein the graft groups are monomeric
10 methylene phenols or mixtures of methylene phenols.

9.  The composition of claim 8 wherein the graft groups are chosen from one or
more of 4-hydroxybenzyl, 2-hydroxybenzyl, 3-hydroxybenzyl, 2-methylene-p-cresol,
Z-mthylene-m-cre§ol, 4-methylene-m-cresol, 6-methylene-2,4-xylenol, or 4-

methyleneresorcinol.

15 10. A process for preﬁating the composition of Claim 1 comprising mixing the
parent polymer and the graft groups under conditions conductive to the formation of
a covalent chemical bond between the graft groups and the parent polymer.

A RO VU
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11.  The process of Claim 10 wherein the parent polymer is a homo- or co-
polymer of a hydroxy-substituted styrene.

12.  The process of Claim 11 wherein the parent polymer is a homo- or co-polymer
of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

b 13.  The process of claim 10 wherein the graft groups are systems of the general
formula:

2114 OH

where R, to R, hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of the
general formula:

where R to R, is hydrogen, C, to C, alkyl or hydroxy.

-

10 14. The process of Claim 13 wherein the number of aromatic rings in the graft
groups is from 1 to 4.

15. The process of Claim 14 wherein the side chains are substantially all-ortho
bonded novolak units of the general structure:

MR R R DO
* c L M S %*
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where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3.

16. The process of Claim 15 wherein n is 0 or 1, and R,, Ry, and R, are methy}, -
and R,, R,, R,, and Ry are hydrogen.

5 17. ‘The process of Claim 13 wherein the graft groups are monomeric methylene
phenols or mixtures of methylene phenols.

18. The process of Claim 17 wherein the monomeric graft groups are chosen from

one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzyl

alcohol, 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-hydroxymethyl-m-
10 cresol, 6-hydroxymethyl-2,4-xylenol, or 4-hydroxymethylresorcinol.

.19. The mixture of the compositions of Claims 1-9 with novolak resins. -

20, . The mixture of Claim 19 wherein the composition of Claims 1-9 is used in an
amount between 1 and 99% (by weight, w/w) of the mixture.

21. A matrix resin in a photoimagablé composition comprising one or more of the

15 compositions of Claims 1-9.

22, The composition of matter claim 21 further comprising a base soluble or base-
swellable additional polymeric or oligomeric materials. '
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23, The composition of Claim 21 wherein the additional polymeric material is a
polyhydroxystyrene derivative.

24. The composition of Claim 21 wherein the additional polymeric material is a
5 novolak.

Iy
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ABSTRACT

Novel Matrix Resin for High-Temperature Stable Photoimageable

Compeositions

The present invention relates to a novel matrix resin for high-temperature stable

5 photoimageable compositions, in the form of a graft copolymer of monomeric or
lower oligomeric hydroxypheny! units grafted onto a polymer backbone containing
reactive sites, to a process for its production and to its use as a matrix resin in
photoimageable compositions either in a pure form or in admixture with other
polymeric materials.
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Novel Matrix Resin for High-Temperature Stable Photmmageable

Compositions

" The present invention relates to a novel composition of matter, in the form of a graft
copolymer of monomeric or lower oligoxicric hydroxyphenyl units grafted onto a
parent polymer backbone containing reactive sites, to a process for its production,
and to its use as a matrix resin in photoimageable compositions either in a pure form

or in admixture with other polymeric materials.

Introduction

Novolak resins are commonly used in photoresists of the dissolut_iqn inhibition type,
as in the diazonaphthoquinone (DNQ)/novolak systems, which at present make up the
bulk of the photoresist world market. In such systems, the ﬁB\fﬁlak is used as a
matrix resin because of its very strong interaction with the photoactive cdmpound,
which allows effective dissolution inhibition and particularly favorable imaging and
resolution properties. As an additional strong point, these resist materials show a
sufficiently good resistance (i.e., high ratio of substrate vs. resist removal) to plasma
or reactive ion etch pmcesseé to be particularly useful in such applications.

However, a weak point of the novolak-based materials is the comparatively low
temperature at which relief structures formed from such resists deform under the
influence of increased temperatures, such as may occur during dry etch processes.
For most of the cotnmercial DNQ/novolak resist materials, large structures (which are
more susceptil?lé to thermal flow than small ones) show a degradatidn of the‘edge
profiles at temperatures between 100 and 130°C. Such a degradation of the edge
profiles is undesirable because it translates into a lmew1dth change when the resist
structure is transferred into the underlying substrate in a dry—etch process ‘While -
technical procedures, such as deep UV curing, are available which enhance the

. thermal flow resistance of the relief structures, these procedures increase the process
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‘The graft groups are then attached to the parent polynmer in a nucleophilic
.addition reaction. In the particular case of hydroxynethyl groups, this my
be effected using an acid catalyst. In_the preferred case of

pol y(4- hydroxystyrene) as the parent polynmer, this results in the
attachnent, via a nethylene bridge, of one or possibly two graft groups in
ortho position to the hydroxy group. A distinction may be nade

complexity, are prone to the generation of particulate defects, and may result in
difficulties when the remaining resist is to be stripped after the etch process.
Inherent (i.e., unassisted by additional processing) high thermal flow resistance is

therefore a desirable property of a photoresist.

Novolak resins of the type typically used™in commercial photoresists have glass
transition temperatures between 90 and i20‘C. It has been suggested that the
addition of multifunctional diazonaphthoquinones, such as, e.g., ester mixtures of
trihydroxybenzophenone-2,1,5- or -2.1.4—diazonaphthoquinone sulfonates, increases
the glass transitioh temperature of the resist through partial crosslinking of the resin
by thermal ketene formation from the. diazonaphthoquinone, and subsequent addition
to the resin hydroxy groups to form a phenolate ester of indenecarboxylic acid. Such .
a mechanism would explain the observation of thermal flow stabilities which exceed
the matrix resin's glass transition temperature, while at the same time providing a
reason for the (weak) correlation between resin glass transition temperature and
thermal ﬂow temperature.

It should therefore be possible to use as matrix resins phenolic resins with higher
glass transition temperature in order to increase the thermal flow stability of the
photoresist. One such phenolic resin is poly(4-hydroxystyrene), which has a glass
transition temperature of 182°C, which would make it very well suited for a high-
temperature stable resist. However, poly(4-hydroxystyrene) hés a very high
dissolution rate in standard strength developers, e.g., in 2.38% TMAH developer, its
dissolution speed is between 12 and 20 pum/min, depending on the molecular weight.
With such a high diSsolution rate, poly(4-hydroxystyrene) is very difficult to inhibit;
resist formulations of poly(4-hydroxystyrene) and diazonaphthoquinones typically
show very high dark erosion rates which are incompatible with high-resolution
applications. The obvious way to increase the thermal stability of novolak resists by
substituting part of the novolak resin by poly(4-hydroxystyrene) is not successful
since poly(4-hydroxystyrene) and novolak show polymeric incompatibility leading to
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bet ween those graft groups which do not possess reactive sites for further

‘addi ti on and those whi ch possess one or nore such sites. In the follow ng,

the former will be called term nated graft groups, and the latter
unterm nated graft groups. - 10

the formation of domain structures, as evidenced by cloudiness of spin-cast films and

loss of resolution in imaging.

Summary of the Invention

The present invention proposes to use a novel composition of matter to provide a
photoresist matrix resin with both high thermal stability and good dissolution
inhibition. To this purpose, a resin possessing a high glass transition temperature and
containing reactive sites on an aromatic structure is reacted with monomeric or
oligomeric phenolic units in such a way that the monomeric or oligomeric phenolic
units are attached to the aromatic rings of the polymer. Such a structure is
commonly called a graft or comb co-polymer. In the preferred embodiment of this
invention, monomeric, dimeric or higher oligomeric methylene phenol units are
attached to a parent polymer, such as to the 3- and/or 5- positions of poly(4-
hydroxystyrene), to form the graft co-polymer. It is found that the graft co-polymer
possesses both high thermal stability and good dissolution inhibition, i.e.,'it combines
the good properties of both the parent polymer, e.g. poly(4-hydroxystyrene) and the
gmftcd polymer, e.g. a novolak resin.

The present invention relates to a composition comprising a parent polymer
cpntaining aromatic rings with reactive sites fo which side groups containing
hydroxy-substitated aromatic rings have been attached by a covalent chemical bond.
The parent polymer is preferably a homo- or co-polymer of a hydroxy-substituted
styrene, e.g. a homo- or co-polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-
hydroxystyrene.

In a preferred embodiment, the graft groups comprise hydroxymethyl-substituted

aromatc systems of the general formula:
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Tern1nated graft groups may react with the parent poly(4-hydroxystyrene)
‘only by nono-or di-substirution. This reactiom will result in the formation
of di- and trineric pendant novol ak uri4s for.nononeric pendant graft
groups, tri- and pentaneric pendant novolak units for dineric graft groups,
etc. In contrast, with the unterm nated graft groups, every addition
generates one or nore reactive sites in the pendant chain for each addition
site used. Wth untermi nated graft groups, it would therefore be possible
in principle to build an arbitrarily |ong sidechain. Practi cal
experinmentati on shows, however, that under the conditions of the grafting
experinent, the addltlon to the r eacRive S|Rfs of the polyner is not the
only reaction that occurs. The GPC trake f the grafting reaction products
(Exanpl e 3) show t hat,

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:

where R; t0 R, can be hydrogen, C, to C, alkyl or hydroxy.

The number of aromatic rings in the side chain is preferably from 1 to 4. The side
chains can be all-ortho bonded novolak units of the general structure:

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3.
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even for termnated graft groups, a) there is a | ow nol ecul ar wei ght
fraction fornmed, the relative anount of which increases with the | oadi ng of
the graft groups; b) t he nol ecul ar wei ght of the graft copol yner

i ncreases nore quickly than can be expgajned by the addition of the graft
gr oups. Both effects are presumably due .to side reactions of the graft
groups. One possible side reaction is et her formation, e.g. [err]

Non-limiting examples for such graft groups include:
1)  the monomeric graft groups, such as the following methylene phenols or
- mixtures thereof:
4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzy! alcohol,
2-hydroxymethyl-p-cresol, 2-hydroxymethy!l-m-cresol, 4-hydroxymethyl-m-
cresol, 6-hydroxymethyl-2,4-xylenot, 4-hydroxymethylresorcinol;
2) the dimeric graft groups:

R1 er R1 R20
HO\/@%);@‘ -

0 .

CH; R} OH

where R,, 10 R,, can be hydrogen, C, to C, alkyl, or hydroxy, such as

3)  the trimeric graft groups, where for the first time it is possible to have a

branching side chain:
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In a second step, formal dehyde is liberated fromthe ether to yield an
ol i goneric novolak (a tetranmer in this exanple). Under the conditions of
the graft group addition, fornaldehyde-fay add to the graft copol yner
(either to reactive sites in the main chain or to reactive sites in the
pendant side chains, e.g., on unterm nated graft -

where R, to R,, can be hydrogen, C, to C, alkyl or hydrogen;

non-limiting examples for which are:

The present invention also relates to a process for preparihg the composition of the
present invention by mixing a parent polymer and the graft groups under conditions
conducive to the formation of a covalent chemical bond between the graft groups and
the parent polymer. The parent polymer is. preferably a homo- or co-polymer of a : *
hydroxy-substituted styrene, more preferably a homo- or co-polymer of 4-
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene. In a preferred process, the
_graft groups are systems of the general formula:

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:

CHY g OH
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roups thus fornmed may react in turn with other

gr oups)... o1h thyl gl

T eact'isrb'éS S ped I%Sfymer, | eading to partial cross-linking and a
concomi tH |I l Ilease i n nmol ecul ar- Fvei ght . A second possi bl e side
reaction f the nmethyl ene bridges, which is knowmn to occur in

novol aks under acidic conditions. Such nethyl ene group cl eavage m ght | ead
to unterm nation of supposedly term nated graft groups, to the formation of
odd- nunbered novol ak ol i gonmers by cl eavage and/or reconbi nation of graft

O ups r et R Slo BBt BESRRRt oy B AR nola  F Y Rains may be

substantially all-ortho bonded novolak units of the general structure:

OH

3

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and whex.'e nis0to
3. The graft groups may be monomeric methylene phenols or mixtures of methylene.
phenols, such as one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol,
3-hydroxybenzyl alcohol, 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-
hydroxymethyl-m-cresol, 6-hydroxymethyl-2,4-xylenol, or 4-hydroxymethylresorcinol.
The subject process may further comprise mixing the parent polymer and the graft
groups under conditions conducive to the formation of a chemical bond between the
graft groups and the parent polymer, the parent polymer is preferably a homo- or co-
polymer of a hydroxy-substituted styrene, e.g. a homo- or co-polyme'r 4-
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

In a preferred process, the graft groups are systems of the general formula:

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:
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The exthisgh ' Q¥ reactions occur depends largely on the nature of
‘t he reaci Il " j ll and the catal yst, enployed. It is believed that
strong a e.g., nmet hanesulfoni ¢ acid or oxalic aci d, wll

general ly favor cl eavage reactions, while weaker acids such as, e.g.,
acetic or maleic acid, or Lewis acid catalysts, such as, e.g., magnesium or

zinc ions, will mnimze nethylene bond cl eavage reactions. C eavage
reactions will also generally be favored by |ong reaction tines and hi gher
reacti on tenperatures. The glass transition tenperatures of the products

obt ai ned fromthe reaction between theg graf
pol y(4- hydroxystyrene) were slightly
parent polynmer (Exanple 3). However, t
general ly observed for the novol ak resi

—CHZRB OH

groups and the parent

with respect to those of the
re still much higher than

R.n Iithography. The

where R, 10 R, can be hydrogen, C, to C, alkyl or hydroxy.

Detailed Description of the Preferred Embodiments

The oligomeric graft groups may be synthesized by successive
hydrox);me'thylationlnucleophﬂic addition reactions. Unless mixtures are desired, it
may be necessary to use protective groups to obtain some of the substitution pattems.
Particularly advantageous are bromine or chlorine protective groups which may be
removed by hydrogenation before or after introduction into the polymer. All-ortho
linear graft groups may alternatively be synthesized via selective chain growth
reactions, e.g. by the reaction of salicyl alcohol with methylmagnesium bromide, even
if the para positions are free. For successive hydroxymethylation/nucleophilic
addition reactions, it is particularly advantageoﬁs to start with an o,p-disubstituted
phenol, hydroxymethylation of which results in a2 well-defined product. By further
reaction with p-cresol, well-defined graft groups may be obtained:
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eqds performed on the graft co-polyners showed that it is
'|nde reduce the dissolution rate of poly(4-hydroxystyrene) by
t he endant, novol ak-1i ke_sidechains (Exanple 3). Dineric

graft groups proved to be nore effective in reducing the dissolution rate
t han nonomeric ones. In fact, at

- 12 -
. o
H,C=0 p-cresol @ @
base O OH (excess)
OH OH

|
OH OH

H‘
KRC=0 p-cresol @ @ ©
base @ © OH  (excess)

OH OH

OH OoH OH

ot_c.

The graft groups are then attached to the parent polymer in a nucleophilic addition
reaction. In the particular case of hydroxymethyl groups, this may be effected using
an acid catalyst. In the preferred case of poiy(#hydrox)f‘styrene) as the parent
polymer, this results in the attachment, via a methylene bridge, of one or possibly
two graft groups in ortho position to the hydroxy group. A distinction may be made
between those graft groups which do not possess reactive sites for further addition
and those which possess one or more such sites. In the following, the former will be

called terminated graft groups, and the latter unterminated graft groups.
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hi gher TilegheeBadBed ra E%g (20 nol e-% and above), the reduction in
y

di ssol uti dinmeric graft groups was found to be |arger than
necessar ”wﬂﬂma hi c work, which Qe_d to a | ow phot ospeed in resist
formul ati o napht hoqui none § nsitizers. The copol yners
conprising the matrix resin of the present invention may be m xed with one
or nore novol ak resins in photoresist conpositions. Such photoresists al so
contain a photosensitizer and a suitable solvent. The conpositions of the

present invention may be used in an anount between 1 and 99% (by wei ght,
w W) , Terminated graft groups may react with the parent poly(4-hydroxystyrene) only by

mono-or di-substitution. This reaction will result in the formation of di- and trimeric
pendant novolak units for monomeric pendant graft groups, tri- and pentameric
pendant novolak units for dimeric graft groups, etc. In contrast, with the
unterminated graft groups, every addition generates one or more reactive sites in the
pendant chain for each addition site us'ed. With unterminated graft groups, it would
therefore be possible in principle to build an arbitrarily long sidechain.

Practical experimentation shows, however, that under the conditions of the grafting
experiment, the addition to the reactive sites of the polymer is not the only reaction
that occurs. The GPC traces of the grafting reaction products (Example 3) show that,
even for terminated graft groups,

a) there is a low molecular weight fraction formed, the relative amount of which
increases with the loading of the graft groups;

b)  the molecular weight of the graft copolymer increases more quickly than can
be explained by the addition of the .graft groups.

Both effects are presumably due to side reactions of the graft groups. One possible

side reaction is ether formation, e.g.

Q0+ = QOO O 0O
oH OH OH OH OH OH

- OO O 0
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préffﬁﬂiﬂeyHMéyamp,ggedand 75% wW w, nore preferably between 30 and 70% .nost

.prefe 0 and 60% of the resin m xture. The matrix resin
conpri H! sition of the pres_egzlt_i nvention may further conprise a
base solu e-swel | abl e addition pol ynmeri.c or oligoneric material.

The additional polyneric material may be pol yhydroxystyrene derivative or a
novol ak. When the polyners were m xed with novolak resin in order to
obtain photoresists with higher sensitivities, it was totally unexpectedly
found that the polyneric inconmpatibility of the parent

pol y( 4- hy dinox yexdond atep) formaldehpdo]saiberasd froamtheyether to yield an oligomeric

novolak (a tetramer in this example). Under the conditions of the graft group
addition, formaldehyde may add to the graft copolymer (either to reactive sites in the
main chain or to reactive sites in the pendant side chains, e.g., on unterminated graft
groups). The methylol groups thus formed may react in turn with other reactive sites
on the polymer, leading to partial cross-linking and a concomitant large increase in
molecular weight. l

A second possible side reaction is cleavage of the methylene bridges, which is known
to occur in-npvolalfs under acidic conditions. - Such methylene group cleavage might
lead to untermination of supposedly terminated graft groups, to the formation of odd-
numbered novolak oligomers by cleavage and/or recombination of graft groups, or
partial crosslinking of the polymer if new methylol groups/reactive sites are generated
on pendant side chains,

The extent to which these reactions occur depends largely on the nature of the .
reaction conditions and the catalyst employed. It is believed that strong acids, such
as, e.g., methanesulfonic acid or oxalic acid, wﬂl generally favor cleavage reactions,
while weaker acids such as, e.g., acetic or maleic acid, or Lewis acid catalysts, such
as, e.g., magnesium or zinc ions, will minimize methylene bond cleavage reactions.
Cleavage reactions will also generally be favored by long reaction times and higher
reaction temperatures.

The glass transition temperatures of the products obtained from the reaction between
the graft groups and ‘the parent poly(4-hydroxystyrene) were slightly lowered with
respect to those'of the parent polymer (Example 3). However, they were still much
higher than generally observed for the novolak resins used in lithography. The
dissolution rate tests performed on the graft co-polymers showed that it is indeed
possible to reduce the dissolution rate of poly(4-hydroxystyrene) by the attachment of
pendant, novolak-like sidechains (Example 3). Dimeric graft groups proved to be

more effective in reducing the dissolution rate than monomeric ones. In fact, at
This is the replacement sheet
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decreﬂseslhé‘epgag.geeen aft copolyners with higher degrees of grafting (Exanple
9). It ' C8% obtain high-resolution structures of 0.4 [err]m

| i nes aggﬂlmm resi st formul ati_qg enpl oying a di azonapht hoqui none
sensiti ss conditions whiTh are comonly enployed in the

i ndustry. The thermal properties of the finished resist relief structures
proved also to be nost satisfactory. Large structures, for which the
thermal flow tenperature is known to be |ower than the one observed for

smal | features, showed no evidence at all of flow after heating at
135[ er r ] Chigher degregsuefegrafiinga(20 onqie«% endiaboes)p ehet feductioh inhdissodutionhratepur e

ft - pol 1: 1 Xt i th | ak [ . In, .
Qonpar | SoRmsn oy <Hielt geit Brots s dpinsht B S Tngt BHeSHRY SPLRTPePHe
shoved, atjfE WHRRGALR a RIWBRSHSRL iff resist formulations with diazonaphthoquinone

sensitizers.

The copolymers comprising the matrix resin of the present invention may be mixed
with one or more novolak resins in photoresist compositions. Such photoresists also
contain a photosensitizer and a suitable solvent. The compositions of the present
invention may be ysed in an amount between 1 and 99% (by weight, w/w),
preferably between 15 and 75% wiw, more preferably between 30 and 70%, most
preferably between 40 and 60%, of the resin mixture. |

The matrix resin comprising the composition of the present invention may further
cbmprise a base soluble or base-swellable additional polymeric or oligomeric
material. The additional polymeric material may be polyhydroxystyrene derivative or
a novolak.

Whén_me polymers were mixed with novolak resin in order to obtain photoresists
with higher sensitivities, it was totally unexpectedly found that the poiymexic
incompatibility of the parent poly(4-hydroxystyrene) with novolak was greatly
decreased for the graft copolymers with higher degrees of grafting (Example 9). It
proved possible to obtain high-resolution structures of 0.4 pm lines and spaces in a
resist formulation employing a diazonaphthoquinone sensitizer under process
conditions which are commonly employed in the industry. The thermal properties of
the finished resist relief structures proved also to be most satisfactory. Large
structures, for which the thermal flow téxhperamre is l’:nBWn to be lower than the one
observed for small features, showed no evidence at all of flow after heating at 135°C
for 2 minutes on a hotplate, irrespective of whether the pure graft co-polymer or a

. 1:1 mixture with a novolak resin was used. In comparison, the same resist

for;nulation using only the novolak resin showed, after identical processing, a
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- 13 - be |nn _ eterloratlon of the sidewall angle of |arge features
at abo'[hls p Qy visible deterioration at 125[err]C, and severe

defornatl I C -13 -

beginning deterioration of the sidewall angle of large features at about 120°C, clearly

visible deterioration at 125°C, and severe deformation at 130°C.

Additionally, it was found that the UV absorptivity of the graft co-polymers was
comparable to that of the parent poly(4-hydroxystyrene) even for high degrees of
substitution with all-ortho novolak-like sidechains (Example 7). This unexpected
property makes the graft co-polymers useful as matrix polymers in resists intended
for use with UV2 (220-260nm; deep UV) radiation. The high glass transition
temperature of the graft co-polymers may also be expected to translate into a high
mechanical hardnes$, which makes them useful as matrix resins for positive-tone

printing plates with a high resistance to mechanical wear during the printing process.
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Add't'ﬁﬁ%heXt’HdsBe\Qﬁﬁe rad that the UV absorptivity of the graft
e to that of the parent poly(4-hydroxystyrene)

co- pol'y
even fo;rn! f substitution with-all-ortho novol ak-1ike
si dechai Th| S unexpected property nmakes the graft

co- pol yners useful as ITB.tI’IX polymers in resists intended for use with UV2
(220-260nm deep WV) radiation. The high glass transition tenperature of
the graft co- poI ymars may al so be expected to translate into a high

mechani cal m@em obiaednd' efsuhieate HNehtidn. Eidyndre ok

positive- tone pri ntl% tes h a hi gh resistance to mechani cal wear
during the imsnded ltghmmessope of the invention in any way.

thesis of 8 terminat i t

2,4-dimethyl-6-(hydroxymethyl)phenol .

75 g of NaOH were dissolved in 300 ml of deionized (DI) water. 183.3 g 2,4-
dimethylphenol were added, and the mixture was cooled to 15-20°C. 188 g of
aqueous formaldehyde (made from 152g 37% formalin diluted with 36 g watér) were
added over half ar hour, while the temperature was maintained below 20°C. After
stirring overnight, Thin Layer Chromotography (TLC) in 2:1 hexane/ethyl acetate
showed a single spot, and no remaining 2,4-dimethylphenol. The pH was then
ad;usted t0 6 - 7 with about 200 ml of 50% agueous acetic acid. The mixture was
transferred to a 2 liter beaker, and extracted with ethyl acetate (400 ml). Removal of
the ethyl acetate in .a vacuum gave 221.0 g (97.4%) of the desired product as a clear

oil or a low-melting solid.

xample 2: thesis of 3 termingt imeri ft

1. 1-(2-hydroxy-S-methyl)phenyl-1-(2-hydroxy-3,5-dimethylphenyl)methane

75.6 g of 2,4-dimethyl-6-(hydroxymethyl)phenol (Experiment 1) and 432.6 g p-cresol
were charged into a 1 liter 3-necked flask. 1 ml of methanesulfonic acid was added
with rapid stirring, whereupon the temperature rose form 35 to 60°C. The mixture
was stirred for 4 hours at 45-50°C, stirred overnight at ambient temperature, and
reacted at 65-70°C for 6 hours. No new spot was observed in the TLC. The mixture
was diluted with 250 m! methanol and drowned out into.‘.i liters of water. A very
gummy precipitate was obtained by decantation which was dissolved in 500 ml
methanol. A second drownout step again resulted in a gummy mixture. The product
was finally isolated from the methanol solution by distilling off methanol, water and
p-cresol under reduced pressure, taking up the glassy residue in 500 ml of methanol,

and drowning out into ice water. After drying, the yield was 98.5 g (81.6%) of a
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- 14 - The fol |l owi ng exanpl es. are provi ded to il ubhissiheetHas Beaw Baplacen.
"They are not intended to limt the scope of the inventi ”
Exanple 1: Synthesis of a term nated nonqgeric graft gr

white powder melting at 138-140°C. The TLC showed a single spot close to that of

the p-cresol educt.

2. 1-(2-hydroxy-3-hydroxymethyl-S-methyl)pheny}-1-(2-hydroxy-3,5-dim ethyl-
phenyl)methane

To a solution of 16.0 g of NaOH in 300 mi of water were added 90 g of 1-(2-
hydroxy-3-methyl)phenyl-1-(2-hydroxy-3,5-dimethylphenyl)methane over a period of
half an hour. 45 g of 34% formalin were added to the mixture over a period of 30
minutes at a temperature of 25-30°C. The reaction mixture was stirred at room
temperature for thrée hours, whereupon TLC in hexane/ethyl acetate showed a large
amount of starting material and one lower (r.f.) spot. After stirring over the
weekend at ambient temperature, TLC showed no starting material present, and a
single new spot. The pH was adjusted to 7 with 45 ml of glacial acetic acid, which
led to a heavy precipitation of a solid product. After diluting with 250 ml of water
and stirring for half an hour, the product was filtered off and washed with 2 liters of
DI water, then dried in vacuo at 60°C. The yield was 98.0 g of tan crystals, melting
at 134-136°C.

X : r re for th thesis of poly(4-hvdr ne) graft
co-polymers
60 g of poly(4-hydroxystyrene) were dissolved in 300 ml of
propyleneglycolmonomethylether (PGME), and the desired amount of the graft group
was added. After adding 2.0 ml of methanesulfonic acid, the mixture was stirred for
1 hour, allowed to sit overnight, and then heated to 100°C for 5 hours. No trace of
the graft group was observed by TLC after this period. Afwr cooling, the mixture |
was diloted with 250 ml of methanol and drowned out i'nto 7 1 of DI water over a
period of 45 min. The resulting slurry was stirred for 1 hour, filtered, washed with 6
liter of DI water, and dried in vacuo at 40°C. The graft co-polymers were obtained

as yellow to brownish granular solids or powders.
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of deionized (D) water. 183.3 g 2,4- dinethyl phenol ladee

m xture was cooled to 15-20[err]C. 188 f6ef aqueous fo e from
152g 37% formalin diluted with 36 g water) were added

while the tenperature was: maintai ned bel ow 20[err]C. After stirring

overni ght, Thin Layer Chronotography (TLC) in 2:1 hexane/ethyl acetate
showed a si ngl e spot -and no renai ni ng 2, 4-di net hyl phenol. The pH was then
adjusted t w th_about 200 fee 0% ' ' The m xture
was transfg}“? galy{rg,r%w?qf a&qc%ﬁ?ly B Mﬂgﬁ%’g %ﬁ%’h&{i@ ilg&et ate (400
m ). Rendvgleagtrerthéifts & Bubuﬁﬁﬁﬁagl&s'&hn&u‘\bﬂ%&ﬁﬁﬂ& %&Jge@ pemiddod%) of the

desired product as a clear oil or a lownelting solid
chromatography (GPC) vs. polystyrene standard to obtain molecular weights and

molecular weight distributions, and by dissolution rate measurements on resin-coated

2, 4- di met hyl - 6- (hydr oxymet hyl ) phenol 75 g of NaCH wegxg ,S%hsa%ved in 300 m

silicon wafers. The resin coating was applied in a spin-coating process from an
approx. 25% resin solution in propyleneglycol monomethylether acetate (PGMEA) to
silicon wafers, which were then baked for 30 min in a convection oven at 90°C. The
initial film thickness of the resins was between 1.5 and 2.0 pm. The dissolution rate

measurements were carried out using a Xynex laser interferometer for endpoint

detection on imme‘rsion—developed wafers. A commercial metal-ion free developer,
AZ312 MIF (available from Hoechst Celanese Corporation), was used (base
concentration 2.38% w/w tetramethylammonium hydroxide, or 0.265 N).

A series of graft co-polymers were synthesized using the general procedure of
Example 3, starting from a poly(4-hydroxystyrene) of molecular weight 10,000 and
dispersity 1.4 (obtained by free radical polymerization and subsequent deprotection of
4-acetoxystyrene). The graft group used was 1-(2-hydroxy-3-hydroxymethyl-5-
methyl)phenyl-1-(2-hydroxy-3,5-dim ethylphenyl)methane (of Exampie 2), a dimeric,
terminated graft group. The graft group was used in an amount of 10, 15 and 20
mole-%, relative to the number of monomer units in the poly(4-hydroxystyrene).
With the exception of the first experiment in.the series, the yields of the
corresponding gfaft co-polymers were practically quan}itaﬁve:
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. . _ _ _ . This Sheet Has Been Replaced
Exanple 2: Synthesis of a termnated dineric graft group
‘1- (2- hydr oxy-5-net hyl ) phenyl - 1- ( 2- hydr oxy- 3, 5- di net hyl phﬂ"Mﬂ"}Hw ,w 6 g
of 2, 4-di net hyl - 6- (hydr oxynet hyl ) phenot 1TExperiment 1) a \ -t esol
were charged into a 1 liter 3-necked flask. 1 ml of methanesul fonic acid
was added with rapid stirring, whereupon the tenperature rose form35 to

60[err]C. The m xture was stirred for 4 hours at 45-50[err]C, stirred
overni ght at anbient tenperature, and reacted at 65-70C for 6 hours. No new
al

spot was opserv-et—i-a—the—H-C—Fhe—m-d-ti-e—was—eir-ut-edrw 0 m et hanol
and dr ownefpelytnet atmber | iters of water. vVlly quary rLrer.Bpi ate was
obt ai ned by decantation which was dissolyed in 300 m {nethanpl. A second
drownout step again resulted in a gunmy i xturej The product

amount of graft group (mole-%) 10 15 2'0

weight of graft group 1 135 203 27

weight of poly(4-hydroxystyrene) 60 60 60

weight of isolated graft co-polymer 62.7 77.3 84.4

The glass transition temperatures of the polymers were somewhat lower than that of the
starting poly(4-hydroxystyrene) (P4HS), but still in a range beyond that which is typical
for novolaks:
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was finally isolated fromthe nmethanol solution by di SthislSheaidHzzHeenBEH adsval

wat er and p-cresol under reduced pressure, taking up the
, and drowning out intx@ice water. Aft
a

500 M of nethanol
yield was 98.5 g (81.6% of

mole-% of graft glass transition
groups added temperature
parent P4HS 0 182
polymer 4-1 10 168.7
polymer 4-2 15 163.8
polymer 4-3 20 160.4

The GPC experiment revealed one of the reasons for the decrease in glass transition
temperature (which would not necessarily be expected to occur by addition of side
chains of this size and nature). As élmady discussed above, ether formation and
subsequent formaldehyde extrusion as well as methylene bond breakage may lead to
the formation of a low molecular weight fraction. The products 4-1 to 4-3 therefore
show a greatly increased polydispersity. As may also be seen by inspection of the
Table below, the weight average molecular weight increases far more quickly with
increasing amounts of graft groups than can be explained by the simple weight
addition. As explained above, this effect is presumed to be due to a partial
crosslinking of the parent polymer by free formaldehyde.
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whi t e powder nelting at 138-140[err]C. The TLC showeiéfh aeBs Regldces e

2. 1- (2- hydr oxy- 3- hydr oxynet hyl - 5- nethyl)phenyl 1 (2 hyd

phenyl ) met hane To a solution of 16.0 g - N&CH m  of vvat er

hydr oxy- 5- met hyl ) phenyl - 1- ( 2- hydr oxy- 3, 5- di net hyl phenyl ) et hane over a
period of half an hour. 45 g of 34%formalin were added to the m xture over

‘to that of the p-cresol educt.

thyI
added 90 g of 1-(2-
a period of 30 minutes at a tenperature of 25-30[err]C. The reaction

m xture was stirred at rgomtenmpgrature for—tfmree—froury, Wier eugomnm TCClin
hexane/ et hyl acet at e showWethode-far|gexperimental. | expected number | poly-
graft weight av. weight av. av. disper-
groups molecular molecular | molecular sity
weight weight weight
parent P4HS 0 10,000 10,000 7,100 1.4
polymer 4-1 10 27,237 13,100 1,567 17.4
polymer 4-2 15 35,986 14,650 2,831 12.7
polymer 4-3 20 61,964 16,200 | 2,736 22.7

The dissolution rates of the graft co-polymers 4-1 to 4-3 were determined as follows:
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anount of starting material and one lower (r.f.) spotthisAfhb&iHaalHebh RBSIagEr
t he weekend at anbient tenperature, TLC showed no start| '

present, and a single new spot. The pH adjusted to }!ﬂlﬂmammuﬂf
glacial acetic acid, which led to a heavy” precipitation oduct .
After diluting with 250 ml of water and stirring for half an hour, the
product was filtered off and washed with 2 liters of DI water, then dried
in vacuo at 60[err]C. .The yield was 98.0 g of tan crystals, nelting at

134- 136C. Exanpl e 3: General procedure for the synthesis of
pol y(4- hydroxystyrene) [graft co- pol ymers. Fm‘gﬂflgm- hydr oxyst yr ene)
wer e di ssolved in 300 *ﬂ pole-% issolution rate in 0.265
graft groups TMAH [um/min]

parent P4HS 0 ca. 18.7

polymer 4-1 10 3.69

polymer 4-2 | 15 1.18

polymer 4-3 20 0.35

4 t rs usin

unterminated monomeric graft groups

A commercial poly(4-hydroxystyrene) polymer, Maruka Lynkur, obtained from
Maruzen America, Inc., with an initial weight average molecular weight of 7,500 and
an initial polydispersity of 2.0 was reacted according to the general procedure of
éxample 3 with various amounts of 1.) 4-hydroxybenzyl alcohol, and 2.) 2- -
hydroxybenzyl alcohol. The following results were obtained for dissolution rate R
(in 0.265 N aqueous tetramethylammonium hydroxide developer), molecular weight,
and polydispersity: |
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propyl enegl ycol nononet hyl et her (PGVE), and the desired anmpunt of the graft
group was added. After adding 2.0 m of nethanesul f oni'®is HasBee aed
was stirred for 1 hour, allowed to sit oyernight, and th H m
100[err]C for 5 hours. No trace of the graft group was o

after this period. After cooling, the mxture was diluted with 250 m of
nmet-hanol and drowned out into 7 | of DI water over a period of 45 mn. The
resulting slurry was stirred for 1 hour, filtered, washed with 6 liter of
DI water, and dried in vacuo at 40[err]C. The graft co-polyners were

obt ai ned asly4Hysroxybemzpimlicelolgr anul ar sol i ds or powders.

Experiment % wiw R [um/min] MW D Ratio Ratio
number grafter MW/MWO D/D,
-

5-1-1 15 9.147 8,855 6.86 1.18 34

5-1-2 20 8.566 0,036 | 734 120 36
5-1-3 25 7.885 15,006 127 20 6.4

2. 2-Hydroxybenzyl aicohol

Experiment Y% wiw R [pm/min] MW D Ratio Ratio
number grafier MW/MW, D/D,

5-2-1 15 8.906 7,451 771 1.00 39

. 522 20 " 9,685 8,129 831 1.08 42

5-2-3 25 9.028 9,841 11.8 131 59

1 tion_of poly(4-hydr ft lymer

The graft co-polymers of Example 4 were dissolved in methanol at concentrations of

approx. 100 mg/liter. This concentration was chosen because in the 1 cm couvettes
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- 16 - The pol yners were characterized by D fferentd
‘Calorinetry (DTC) neasurenents to obtain their gl asgﬂ{ggh%mga%regﬁkeplaced
t enperatures, by gel perneation chromat-0d?aphy (GPC) vgﬂmalugm&[m
standard to obtain nol ecul ar wei ghts and nol ecul ar wei ons,
and by dissolution rate neasurenments on resin-coated silicon wafers. The
resin coating was applied in a spin-coating process from an

used, it closely approximates the absorptivity of a 1 pm thick film of the resin. At

248 nm, the following absorptivities were obtained:

mole-% absorptivity at 248 nm ratio vs. parent
graft groups { of a 100 mg/l solution | polyhydroxystyrene
in MeOH
parent P4HS 0 0.07 1
polymer 4-1 10 ' 0.09 1.29
polymer 4-2 15 0.095 1.36
polymer 4-3 20 0.10 ) 1.43
ample 7: Lit hic evaluation of 4-h n ft \

The graft co-polymers of Example 4 were mixed in a concentration of 80% w/w of
solids with a diazonaphthoquinone sensitizer at 20% of solids, with sufficient
prop};leneglycohnonomethylether acetate added to make up a photoresist solution of
approximately 23% w/w solids content. The photosensitizer-used consisted of an
ester mixture of diazonaphthoquinone-z,l,L and -2,1,5-sulfonates of 1,1,1-tris-(4-
hydroxyphenyl)ethane, with a 2,1,4-sulfonate to 2,1,5-sulfonate ratio of about 3:7,
and a total degree of esterification of about 100%. The photoresist solutions were
then coated onto silicon wafers by spin coating to yield an approx. 1 um thick film,
after drying on a hotplate at 100°C for 1 minute. Exposure on a Nikon i-line stepper
with a numerical aperture of 0.54, followed by a 1 min/100°C post exposure bake on
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approx. 25%resin solution in propyl eneglycol mnonﬁhl?heﬂthiesBe@ﬂt

.(PGQVEA) to silicon wafers, which were then baked for 3 g'ﬁ!ﬁ vection
oven at 90[err]C. The initial filmthickness of the r IEen 1.5
~and 2.0 [err]m The dissolution rate med3urenents were carrie sing a
Xynex |l aser interferoneter for endpoint detection on i mrersion-devel oped

wafers. A commercial netal-ion free devel oper, AZ312 MF (available from
Hoechst Cel anese Corporation), was used (base concentration 2.38% w w

t et r anet hyl anmoni um hydroxi de, or 0.265 N). Exanmpl e 4: Synthesis and
characteri zaht rgﬁe Qhd %ﬁer&%ﬁ [R%BhMEANR)0. 96 AN THOH 6} Eméylﬁﬁi'e& %heé
termnated direric graft group

following results:

photoresist mole-% resolution photo- remarks
from: graft limit. speed
groups (pm (mJ/cm?)
lines&spaces)
polymer41 | 10 0.50 66 . structures look
| pockmarked, wall
angles >80°.
polymer 4-2 15 0.40 150 less pockmarking and
scum,
vertical sidewalls
polymer 4-3 20 0.40 - 0.35 290 good structures w.
vertical sidewalls, still
somewhat
underexposed

The thermal stability of the structures was then tested using large resist pads (50x50
" um). The wafers containing the features were postbaked at various temperatures for
two minutes on a hotplate, and then examined relative to an unbaked reference
structure. No evidence for thermal flow or wall angle degradation could be observed
up to the highest temperéture studied (135°C). In contrast, a novolak-containing
photoresist with the same sensitizer showed evidence for beginning thermal flow at

115°C after identical processing (cf. Comparative Example 9).
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‘of Exanple 3, starting froma pol y(4-hydroxystyren

10, 000 and dispersity 1.4 (obtained by free radical lu

subsequent deprotection of 4-acetoxystyrhe). The gra

1- (2- hydr oxy- 3- hydr oxynet hyl - 5- net hyl ) phenyl - 1- (2- hydr oxy- 3, 5-di m

et hyl phenyl ) net hane (of Exanple 2), a dineric, termnated graft group. The

graft group was used i-n an amount of 10, 15 and 20 nole-% relative to the

nunber of rmonomer units in the poly(4 hydroxystyrene) VVth the exception

of the firSiySxpIers: TaRioprBphieSviRiativh of Sty ) GP: |

graft co-po yners Wer e prac rcal Ty quantl
in with novolak resin

A series of graft co-polynmers were synthesized .usi n?‘ %eggéws LRB Ig(ge%dure
e IIiE

S

The procedure of Example 7 was repeated with the difference that the matrix resin
used in the photoresist was not the pure graft copolymers of Example 4, but a 1:1
mixture of said graft co-polymers with a novolak. The novolak used consisted of a
formaldehyde polycondensate of a m-cresol/3,5-xylenol mixture and exhibited a glass
transition temperature of 105°C as well as a dissolution rate of about 2.4 um/min in
the developer of Example 7. Using the photoresist process of Example 7, the
following results were obtained for the mixtures:

photoresist resolution limit | photo- remarks
from: . (um speed
. lines&spaces) (mJ/cm?) i}

polymer 4-1, and 0.50 190 structures look pockmarked,
novolak, 1:1 heavy scum evident,
possible strong polymer
incompatibility
polymer 4-2 and 0.40 200 | less pockmarking and scum,
‘novolak, 1:1 less incompatibility
polymer 4-3 and 0.40 200 good structures w. vertical
noyolak, 1:1 ' - sidewalls, no scum evident,

no ¥igns of polymer

incompatibility..

The 1:1 mixtures showed improved thermal stability over identically process samples

of the pure novolak resin. No thermal flow was evident at bake temperatures of
130°C.
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pol ymer nunber . Thisﬁmlet‘rlaliﬁ TITe“la

When a 9:1 mixture of polymer 4-3 with the novolak was investigated as above, the
structure transfer quality remained unchanged, but no thermal stability improvement

was observed.

v ; Lith ic evaluati novol

The novolak used consisted of a formaldehyde polycondensate' of a m-cresol/3,5-
xylenol mixture and exhibited a glass transition temperature of 105°C as well as a
dissolution rate of about 2.4 um/min in standard 0.265 N aqueous
tetramethylammonium hydroxide developer. A photoresist was formulated with this
novolak in the manner described in Example 7, with the difference that the novolak ,
was used as the marix resin instead of thé graft co-polymers. The same photoresist
process and test method as in Examples 7 and 8 yielded a photospeed number of 190
mJ/cm? and a maximum resolution of 0.35 um for line&space features. The thermal
stability test of Examples 7 and 8 yielded evidence of beginning degradation of the
resist wall angle at 115°C, and showed severe flow above 120°C.
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amount ™ hee* lagew! e- %) 10 15 20 wei ght of
graft g W 13.5 20. 3 27 wei ght of
pol y(4- 60 60 60 .

-28 -

Claims:
What is claimed is:

1. A composition comprising a parent polymer containing aromatic rings with
reactive sites to which side groups comain}ng hydroxy-substituted aromatic rings
have been attached by a covalent chemical bond.

2. The composition of Claim ! wherein the parent polymer is a homo- or co-

polymer of a hydr&;y—substimted styrene.

3.  The composition of Claim 2 wherein the parent polymer is a homo- or co-

polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

4.  The composition of Claim 1 wherein the side group is a novolak monomer or

oligomer of the general formula:

2 R‘ OH

where R, 10 R, are hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of
the general formula:”

Hllllll IHIH IIIH HIII H Ill!

This is the replacement sig:=
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ght of isol at ed ﬁr aft co- pol yner 62.7 77.3 84.4 The gl ass

-tran§|htsﬁﬂ“g‘mﬁ?ﬁ ﬁ;csedof the pol yners were somewhat |ower than that of
[

the sta droxystyrene) ( PA&I;S) , but still in a range beyond
that wh for novol aks: ~ </~
5.  The composition of Claim 4 wherein the number of aromatic rings in the side

—

chain is from 1 to 4.

6.  The composition of Claim 5 wherein the side chains are all-ortho bonded

novolak units of the general structure:

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3.

7.  The composition of Claim 6 wherein n is 0 or 1, and R,, R, and R, are
methyl, and R,, R,, R,, and R, are hydrogen.

8.  The composmon of Clazm 5 wherein the graft groups are monomeric
methylene phenols or mixtures of methylene phenols.

9.  The composition of claim 8 wherein the graft groups are chosen from one or
more of 4-hydroxybenzyl, 2-hydroxybenzyl, 3-hydroxybenzyl, 2-methylene-p-cresol,
2-mpthylene-m—cre§ol, 4-methylene-m-cresol; 6-methylene-2,4-xylenol, or 4-

methyleneresorcinol.

10. A process for preparing the composition of Claim 1 comprising mixing the
parent polymer and the graft groups under conditions conductive to the formation of
a covalent chemical bond between the graft groups and the parent polymer.

”!I'"c, "mL, "IHH ”l's”“!Il This is the replécement sheet
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11. The process of Claim 10 wherein the parent polymer is a homo- or co-
polymer of a hydroxy-substituted styrene.

12. The process of Claim 11 wherein the parent polymer is a homo- or co-polymer
of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

13. The process of claim 10 wherein the graft groups are systems of the general

formula:

where R, to R, hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of the
general formula:

—(:!'12 RB oH
where R, to Ry is hydrogen, C, to C, alkyl or hydroxy.

14. The process of Claim 13 whereisn the number of &romatic rings in the graft

groups is from 1 to 4.

15. The process of Claim 14 wherein the side chains are substantially all-ortho
bonded novolak units of the general structure:

I IHI"I ] "lll !Illl II I"I This i the replacement sheet
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par ent P4HS 0 182 pol ymer
-'[hls Sheet Has Been Rerlaced 10 168. 7 pol ymer 4-2

T 1T &
L]

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3.

16. The process of Claim 15 wherein n is 0 or 1, and R,, R, and R, are methyl, -
and R,, Ry, R,, and R, are hydrogen.

17. The process of Claim 13 wherein the graft groups are monomeric methylene
phenols or mixtures of methylene phenols.

18. The process of Claim 17 wherein the monomeric graft groups are chosen from
one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzyl
alcohol, 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-hydroxymethyl-m-
cresol, 6-hydrokymethyl—2,4~iy1enol, or 4-hydroxymethylresorcinol.

19. The mixture of the compositions of Claims 1-9 with novolak resins.

20, . The mixture of Claim 19 wherein the composition of Claims 1-9 is used in an
amount between 1 and 99% (by weight, w/w) of the mixture.

21. A matrix resin in a photoimagable composition comprising one or more of the

compositions of Claims 1-9.

22.” The composition of matter claim 21 further comprising a base soluble or base-

swellable additional polymeric or oligomeric materials.
This is the replacement sheet
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The GP eri nent reévealed one of the reasons for the decrease in gl ass
transi ﬁp @lnmeaiaéyuﬁl ch woul d not necessarily be expected to occur by
addi ti on of this size and.,nature). As already discussed
above, and subsequent foP@a‘l dehyde extrusion as well as

met hyl ene bond brea age may lead to the formation of a | ow nol ecul ar wei ght
fraction. The products 4-1 to 4-3 therefore show a greatly increased

pol ydi spersity. As may al so be seen by inspection of the Table bel ow, the
wei ght average nol ecul ar wei ght increases far nore quickly with increasing

anount s of gBaf tTher compositiomofc@lainy & lewinreinrthel aligitiohal olymesic wataghal is a
addi ti on |, ai ned above, this effect is presuned to be due to a

parti al cro?gfylhgﬂf%ﬁs%e@r@nﬁéﬂ‘@nt pol yner by free formal dehyde.

24, The composition of Claim 21 wherein the additional polymeric material is a
novolak.

-
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ABSTRACT
Novel Matrix Resin for High-Temperature Stable Phott;imageable

Compositions

The present invention relates to a novel matrix resin for high-temperature stable
photoimageable compositions, in the form of a graft copolymer of monomeric or
lower oligomeric hydroxypheny! units grafted onto a polymer backbone containing
reactive sites, to a process for its production and to its use as a matrix resin in
photoimageable compositions either in a pure form or in admixture with other
polymeric materials.

[
P w7

|

Il

I
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""""" DESCRIPTION

..........................

Compositions

- The present invention relates to a novel composition of matter, in the form of 2 graft

copalymer of monomeric or lower oligomeric hydroxyphenyl units grafted onto a
parsat polymer backbone containing reactive sites, to a process for its produc.‘on,
and to its use as a matrix resin in photoimageable comnosmons cither in a purs form

or in admixture with other polymeric materials.

Introduction

Novolak resins are commonly used in photoresists of the dissolution inhibition type,
as in the diazonaphthoquinone (DNQ)/novolak systems, which at preseat make up the
buix of the photorasist world markst In such systzms, the ﬁbvdlak isused as a
matrix resin because of its very swrong interaction with the photoactive compound,
which allows effective dissolution inhibition and particularly favorable imaging and
resolution properties. As an additional strong point, these resist materials show a
sufficiently good resistance (ie., high ratio of substrate vs. resist removal) to plasma
or reactive ion etch processeé 10 be particularly useful in such applications.

However, a weak point of the novolak-based materials xs the comparatively low
temperature at which relief structures formed from such resists deform under the
influence of increased temperatures, such as may occur during dry etch processes.
For most of the commercial DNQ/novolak resist materials, large structures (which are
mors susceptil_:lé to thermal flow than small ones) show 2 degradation of the edge
profiles at temperatures betwesn 100 and 130°C. Such a degradation of the edge
profiles is undesirable because it translates into a linewidth change when the resist
structure is transferred into the underlying substrate in a dry-etch process. While
technical procedures, such 2s desp UV curing, are available which enthance the
thermal flow resistance of the relief szuctures, these procedures increase the.process
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pol yner 4-2 15 35, 986 14, 650 2,831 12.7
pol ymer 4-3 20 61, 964 16, 200 2,736 22. 7

The dissolution rates of the graft co-pglyners 4-1 to 4-3 were determ ned
as foll ows: ' neT

complexity, are prone to the generation of particulate defects, and may result in
difficulties when the remaining resist is to be stripped after the etch process.
Inherent (i.e., unassisted by additional processing) high thermal flow resistance is

therefore a desirable property of a photoresist.

Novolak resins of the type typically used’in commercial photoresists have glass

transition temperatures between 90 and iZO'C. It has been suggested that the

addition of multifunctional diazonaphthoquinones, such as, e.g., ester mixtures of

trihydroxybenzophenone-2,1,5- or -2,1,4-diazonaphthoquinone sulfonates, increases

the glass transition temperature of the resist through partial crosslinking of the resin

by thermal ketene formation from the diazonaphthoquinone, and subsequent addition

to the resin hydroxy groups to form a phenolate ester of indenecarbdxyﬁc acid. Such.
; a mechanism would e.zplain the observation of thermal flow stabilities which exceed

the matrix resin's glass transition temperature, while at the same time providing a

reason for the (weak) correlation between resin glass transition temperature and

thermal flow temperature.

It should therefore be possible to use as matrix resins phenolic resins with higher
glass transition temperature in order to increase the thermal flow stability of the
photoresist. One such phenolic resin is poly(4-hydroxystyrene), which has a glass
transition temperature of 182°C, which would make it very well suited for a high-
temperature stable resist. However, poly(4-hydroxystyrene) has a very high
dissolution rate in standard strength developers, e.g., in 2.38% TMAH developez, its
dissolution speed is between 12 and 20 pum/min, depending on the molecular weight.
With such a high diSsolution rate, poly(4-hydroxystyrene) '.is very difficult to inhibit;
resist formulations of poly(4-hydroxystyrene) and diazoniphthoquinones typically
show very high dark erosion rates which are incompatible with high-resolution
applications. The obvious way to increase the thermal stability of novolak resists by
substitting part of the novolak resin by poly(4-hydroxystyrene) is not successful
since poly(4-hydroxystyrene) and novolak show polymeric incompatibility leading to

This is the replacement sheet
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the formation of domain structures, as evidenced by cloudiness of spin-cast films and

loss of resolution in imaging.

Summary of the Invention

~ The present invention proposes to use a novel composition of matter to provide a

photoresist matrix resin with both high thermal stability and good dissolution
inhibition. To this purpose, a resin possessing a high glass transition temperature and
containing reactive sites on an aromatic structure is reacted with monomeric or
oligomeric phenolic units in such a way that the monomeric or oligomeric phenolic
units are attached to the aromatic rings of the polymer. Such a structure is
commonly called a graft or comb co-polymer. In the preferred embodiment of this
invention, monomeric, dimeric or higher oligomeric methylene phenol units are
attached to a parent polymer, such as to the 3- and/or 5- positions of poly(4-
hydroxystyrene), to form the graft co-polymer. It is found that the graft co-polymer
possesses both high thermal stability and good dissolution inhibition, i.e.,.it' combines
the good properties of both the parent polymer, e.g. poly(#hydroxystjrrene) and the
gra.f_ted polymer, e.g. a novolak resin. |

The present invention relates to a composition comprising a parent polymer
containing aromatic rings with reactive sites to which side groups containing
hydroxy-substituted aromatic rings have been attached by a covalent chemical bond.
The parent polymer is preferably a homo- or co-polymer of a hydroxy-substituted
styrene, e.g. 2 homo- or co-polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-
hydroxystyrene. | '

In a preferred embodiment, the graft groups comprise hydroxymethyl-substituted

aromatic systems of the general formula:

This is the replacement sheet
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nol e- % di ssolution rate in 0.265N graft groups
TMAH [[err] nmi m n] parent P4HS 0 ca. 18.7
pol ymer 4-1 10 3.69

2 R, OR

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula: |

where R to R; can be hydrogen, C, to C, alkyl or hydroxy.

The number of aromatic rings in the side chain is preferably from 1 to 4. The side
chains can be all-ortho bonded novolak units of the general structure:

where R, t0 R,, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 10
3.
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0. 35 Exanpl e 5: Synthesis of poly(4-hydroxystyrene) graft
co-pol ymers using unterm nated nononeric graft groups

-5-

Non-limiting examples for such graft groups include:
1)  the monomeric graft groups, such as the following methylene phenols or
. mixtures thereof: "
4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzyl alcohol,
2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresol, 4-hydroxymethyl-m-
cresol, 6-hydroxymethyl-2,4-xylenol, 4-hydroxymethylresorcinol;
2) the dimeric graft groups:

R 217 Ry Ry
Ht\ﬁkm/@‘%l
0 CH; R, OH

where R, 10 R, can be hydrogen, C, to C, alkyl, or hydroxy, such as

3)  the trimeric graft groups, where for the first time it is possible to have a

branching side chain:
HO_ - st Rsx
O
CHr/ O R/ DbH o
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A commerci al pol y(4-hydroxystyrene) polynmer, Maruka Lynkur, obtained from
Maruzen Anerica, Inc., with an initial weight average nol ecul ar wei ght of
7,500 and an initial polydispersity of 2.0 was reacted according to the
general procedure of Exanple 3 with various anounts of 1.) 4-hydroxybenzyl
al cohol, and 2.) 2- hydroxybenzyl al cohol. The follow ng results were
obtained for dissolution rate R (in 0.265 N aqueous tetranethyl anmoni-um
hydr oxi de devel oper), nol ecul ar wei ght, and pol ydi spersity:

where R,, to R, can be hydrogen, C, to C, alkyl or hydrogen;

non-limiting examples for which are:

* The present invention also relates to a process for preparihg the composition of the
present invention by mixing a pa:eni polymer and the graft groups under conditions
conducive to the formation of a covalent chemical bond between the graft groups and
the parent polymer. The parent polymer is. preferably a homo- or co-polymer of a : ’
hydroxy-substituted styrene, more preferably a homo- or co-polymer of 4-
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene. In a preferred process, the _

_graft groups are systems of the general formula:

R R
R,

R4 OH

—CH;

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups
of the general formula:

This is the replacement sheet
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21 - 1. 4-Hydroxybenzyl al cohol

-Tv

where Ry to Ry can be hydrogen, C, to C, alkyl or hydroxy. The side chains may be
substantially all-ortho bonded novoiak units of the general structure:

OH

)

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n isOto
3. The graft groupé may be monomeric methylene phenols or mixtures of methylene.
phenols, such as one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol,
3-hydroxybenzyl alcohol, 2-hydroxymethy1-p—cresoL 2-hydroxymethyl-ra-cresol, 4-
hydroxymethyl-m-cresol, 6-hydroxymethyl-2,4-xylenol, or 4-hydroxymethylresorcinol.
The subject process may further comprise mixing the parent polymer and the graft
groups under conditions conducive to the formation of a chemical bond between the
graft groups and the parent polymer, the parent polymer is preferably a homo- or co-
polymer of a hydroxy-substituted styrene, e.g. a homo- or co-polymef 4
hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

In a preferred process, the graft groups are systems of the general formula:

where R, to R, can be hydrogen, C, to C, alkyl, hydroxy, or rethylene aryl groups
of the general formula;

This is the replacement sheet
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Experi ment
nunber
5-1-1
5-1-2

% W w R[[err]mmn] MV D Rati o Rati o
grafter MV MAD D D,
15 9. 147 8, 855 6. 86 1.18 3.4
20 8. 566 9, 036 7.34 1.20 3.6
-8-
R R,

_-CHZ'R OH

where R, 10 R, can be hydrogen, C, to C, alkyl or hydroxy.

Detailed Description of the Preferred Embodiments

The oligomeric graft groups may be synthesized by successive
hydrox);meihylaﬁonlnucleOphilic addition reactions. Unless mixtures are desired, it
may be necessary to use protective groups to obtain some of the substitution patterns.
Particularly advantageous are bromine or chlorine protective groups which may be
removed by hydrogenation before or after introduction into the polymer. Aﬂ-dnho
linear graft groups may alternatively be synthesized via selective chain growth
reactions, e.g. by the reaction of salicyl alcohol with methylmagnesium bromide, even
if the para positions are free. For successive hydroxymethylation/nucleophilic
addition reactions, it is particularly advantagco{:s t0 start with an o,p-disubstituted
phenol, hydroxymethylation of which results in a well-defined product. By further
reaction with p-cresol, well-defined graft groups may be obtained:

This is the replacement sheet

Date: 05 AlG 1396



5-1-3 25 7.885 15, 006 12. 7 2.0 6.4

2. 2-Hydroxybenzyl al cohol Experi nent % W w R[[errlmMmn] MV
D Rati o Rati o nunber 4 _ grafter
MN MN D/ D,

. -

base /\/\/0 H (excess,

l
OH OH

= QLD .= OO0

OH OH OH

oo By e (N
I
OH

OH

= OLUO_O
pau :
OH OH QH

The graft groups are then attached to the parent polymer in a nucleophilic addition
reaction. In the particular case of hydroxymethyl groups, this may be effected using
an acid catalyst. In the preferred case of poiy(&hydroxzstyrene) as the parent
polymer, this results in the attachment, via a'met.hylene bridge, of one or possibly
two graft groups in ortho position to the hydroxy group. A distinction may be made
between those graft groups which do not possess reactive sites for further addition
and those which possess one or more such sites. In the following, the former will be

called terminated graft groups, and the latter unterminated graft groups.
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15 8. 906 7,451 7.71 1.00
20 9, 685 8,129 8.31 1.08

25 9. 028 Q, AL 11.8 1.31

Terminated graft groups may react with the parent poly(4-hydroxystyrene) only by
mono-or di-substirution. This reaction will result in the formation of di- and trimeric
pendant novolak units for monomeric pendant graft groups, ti- and peatameric
pendant novolak units for dimeric graft groups, etc. In contrast, with the
unterminated graft groups, every addition' generates one Or more reactive sites in the
peacant chain for each addition site u.;ed. With unterminated graft groups, it would
therzfore be possible in principle to build an arbitrarily long sidechain.

Practical experimentation shows, however, that under the conditions of the grafting
experiment, the addition to the reactive sites of the polymer is not the only reaction
that occurs. The GPC traces of the grafting reaction products (Example 3) show that,
even for terminated graft groups,

a) there is a low molecular weight fracuon formed, the relative amount of which
increases with the loading of the graft groups; '

b}  the molecular weight of the graft copolymer increases more quickly than can
be explained by the addition of the graft groups.

Both effects are presumably due to side reactions of the graft groups. One possible

side reacton is ether formation, e.g.

OoH He0
OH OH OH
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Exanpl e 6: UV absorption of poly(4-hydroxystyrene) graft co-polyners The

graft co-polyners of Exanple 4 were dissolved in nethanol at concentrations
of approx. 100 ng/liter. This concentraltli on was chosen because in the 1 cm
couvettes T

In a second step, formaldehyde is liberated from the ether to yield an oligomeric
novolak (a tetramer in this example). Under the conditions of the graft group
addition, formaldehyde may add to the graft copolymer (either to reactive sites in the
main chain or to reactive sites in the pendant side chains, e.g., on unterminated graft
groups). The methylol groups thus formed may react in tum with other reactive sites
on the polymer, leading to partial cross-linking and a concomitant large increase in
molecular weight. .

A second possible side reaction is cleavage of the methylene bridges, which is known
to occur in-npvolalés under acidic conditions. - Such methylene group cleavage might
lead to untermination of supposedly terminated graft groups, to the formation of odd-
numbered novolak oligomers by cleavage and/or recombination of graft groups, or
partial crosslinking of the polymer if new methylol groups/reactive sites are generated
on pendant side chains.

The extent to which these reactions occur dependS largely on the nature of the .
reaction conditions and the catalyst employed. It is believed that strong acids, such
as, e.g., methanesulfonic acid or oxalic acid, wﬂl genemuy favor cleavage reactions,
while weaker acids such as, e.g., acetic or maleic acid, or Lewis acid catalysts, such
as, e.g., magnesium or zinc ions, will minimize methylene bond cleavage reactions.
Cleavage reactions will also generally be favored by long reaction times and higher
reaction temperatures.

The glass transition temperatures of the products obtained from the reaction between
the graft groups and the parent poly(4-hydroxystyrene) were slightly lowered with
respect to those of the parent polymer (Example 3). However, they were still much
‘higher than generally observed for the novolak resins used in ﬁthoéraphy. The
dissolution rate tests performed on the graft co-polymers showed that it is indeed -
possible to reduce the dissolution rate of poly(4-hydroxystyrene) by the attachment of
pendant, novolak-like sidechains -(Example 3). Dimeric graft groups proved 1o be
more effective in reducing the dissolution rate than monomeric ones. In fact, at
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- 22 - used, it closely approximates the absorptivity of a 1 [err]m
thick filmof the resin. At 248 nm the followi ng absorptivities were
obt ai ned: mol e-%_ 9 @absorptivity at 248 nm ratio
vVs. parent

higher degrees of grafting (20 mole-% and above), the reduction in dissolution rate
caused by dimeric graft groups was found to be larger than necessary for lithographic
work, which led to a low photospeed in resist formulations with diazonaphthoquinone

sensitizers.

The copolymers comprising the matrix resin of the present invention may be mixed
with one or more novolak resins in photoresist compositions. Such photoresists also '
contain a photosensitizer and a suitable solvent. The compositions of the present
invention may be used in an amount between 1 and 99% (by weight, w/w),
preferably between 15 and 75% wi/w, more preferably between 30 and 70%, most
preferably between 40 and 60%, of the resin mixture..

The matrix resin coniprising the coniposition of the present invention may further
comprise a base soluble or base-swellable additional polymeric or oligomeric
material. The additional polymeric material may be polyhydroxystyrene decivative or

a novolak,

When the polymers were mixed with novolak resin in order to obtain photoresists

" with higher sensitivities, it was totally unexpectedly found that the polymeric

incompatibility of the parent poly(4-hydroxystyrene) with novolak was greatly
decreased for the graft copolymers with higher degrees of grafting (Example 9). It
proved possible to obtain high-resolution structures of 0.4 um lines and spaces in a
resist formulation employing a diazonaphthoquinone sensitizer under process
conditions which are commonly employed in the industry. The thermal properties of
the finished resist relief structures proved also to be most satisfactory. Large
structures, for which the thermal flow téx'nperature is ]'m;wn to be lower than the one
observed for small features, showed no evidence at all of flow after heating at 135°C
for 2 minutes on a hotplate, irrespective of whether the pure graft co-polymer or a
_ 1:1 mixture with a novolak resin was used. In comparison, the same resist

formulation using only the novolak resin showed, after identical processing, a
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graft groups of a 100 ng/l solution pol yhydroxystyrene
i n MeCH parent P4HS 0 0. 07
1 pol ymer 4-1 10 0. 09 1.29

-13-

beginning deterioration of the sidewall angle of large features at about 120°C, clearly

visible deterioration at 125°C, and severe deformation at 130°C.

Additionally, it was found that the UV absorptivity of the graft co-polymers was
comparable to that of the parent poly(4-hydroxystyrene) even for high degrees of
substitution with all-ortho novolak-like sidethains (Example 7). This unexpected
property makes the graft co-polymers useful as matrix polymers in resists intended
for use with UV2 (220-260nm; deep UV) radiation. The high glass transition
temperature of the graft co-polymers may also be expected to translate into a high
mechanical hardness, which makes them useful as matrix resins for positive-tone

printing plates with a high resistance to mechanical wear during the printing process.
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pol yner 4-2 15 0. 095 1.36 pol ynmer
4-3 20 . 0.10 1.43 Exanpl e
7: Lithographic eval uation of poly(4-hydroxystyrene)graft co-polyners

, ~- 14 -

The following examples are provided to illustrate the invention. They are not

intended to limit the scope of the invention in any way.
thesis of a terminat i t

2,4-dimethyl-6-(hydroxymethyl)phenol .

75 g of NaOH were dissolved in 300 ml of deionized (DI) water. 183.3 g 2,4-
dimethylphenol were added, and the mixture was cotled to 15-20°C. 188 g of
aqueous formaldehyde (made from 152g 37% formalin diluted with 36 g water) were
added over half ar hour, while the temperature was maintained below 20°C. After
stirring overnight, Thin Layer Chromotography (TLC) in 2:1 hexane/ethyl acetate
showed a single spot, and no remaining 2,4—-dimethy1phenol. The pH was then
adjusted to 6 - 7 with about 200 ml of 50% agueous acetic acid. The mixture was o
transferred to a 2 liter beaker, and extracted with ethyl acetate (400 ml). Removal of
the ethyl acetate in 'a vacuum gave 221.0 g (57.4%) of the desired product as a clear

oil or 2 low-melting solid.

xample 2: Synthesis of a terminated dimeri ft

1. 1-(2-hydroxy-5-methyl)pheny}-1-(2-hydroxy-3,5-dimethylphenyl)methane

75.6 g of 2,4—-dimethy1-6-(hidroxymgthyl)phenol (Experiment 1) and 432.6 g p-cresol
were charged into a 1 liter 3-pecked flask. 1 ml of methanesulfonic acid was added
with rapid stirring, whereupor‘i-.,__ the temperature rose form 35 to 60°C. The mixture
was stirred for 4 hours at 45-50°C, stirred overnight at ambient temperature, and
reacted at 65-70°C for 6 hours. No new spot was observed in the TLC. The mixrre
was diluted with 250 ml methanol and drowned out into 3 liters of water. A very
gummy precipitate was obtained by decantation which was dissolved in 500 ml
methanol. A second drownout step again resulted in a gummy mixture. The product
was finally isolated from the methanol solution by distilling off methanol, water and
p-cresol under reduced pressure, taking ub the glassy residue in 500 ml of methanol,
and drowning out into ice water. After drying, the yield was 98.5 g (81.6%) of a
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The. graft co-polyners of Exanple 4 were m xed in a concentration of 80% w w
of solids with a diazonapht hoqui none sensitizer at 20% of solids, with
sufficient propyl enegl ycol nononet hyl et her acetate added to nmake up a

phot oresi st sol ution of approximately 2340w w sol i ds content. The

phot osensiti zer-used consi sted of an ester m xture of

di azonapht hoqui none-2, 1,-4- and -2, 1,5-sulfonates of 1,1,1-tris-(4- :
hydr oxyphenyl ) et hane, with a 2,1, 4-sulfonate to 2,1,5-sulfonate ratio of
about 3:7, and a total degree of esterification of about 100% The
phot or esi st ' [ o _ﬁ@é@ge "‘I'J?C héd ' tin
to yield an %%Wi"%%’ ﬁ%% Jﬁi'c i qu]ﬁ a tEPJ’*&%?ﬁg&gﬁg@tﬁgﬁsgf@%&&gﬁ °
100[ err] C f ake p-crdsbléduct. Exposure on a Nikon i-line stepper with a nunerical
aperture of 0.54, followed by a 1 m n/100C post exposure bake on

2. 1-2-hydroxy-3-hydroxymethyl-5-methyl)phenyl-1-(2-hydroxy-3,5-dim ethyl-
phenyl)methane X : .

To a solution of 16.0 g of NaOH in 300 mi of water were added 90 g of 1-(2-
hydroxy—S—memyl)phenyl-_1-(2-hydroxy—3,S-dimemylphenyl)methane over a period of
half an hour. 45 g of 34% formalin were added to the mixture over a period of 30
minutes at a temperature of 25-30°C. The reaction mixture was stirred at room
temperature for thrée hours, whereupon TLC in hexane/ethyl acetate showed a large
amount of starting material and one lower (r.f.) spot. After stirring over the
weekend at ambient temperamre,I TLC showed no starting material present, and a
single new spot. The pH was adjusted to 7 with 45 ml of glacial acetic acid, which
led 10 a heavy precipitation of a solid product. After diluting with 250 ml of water
and stirring for half an hour, the product was filtered off and washed with 2 liters of
DI water, then dried in vacuo at 60°C. The yield was 98.0 g of tan crystals, melting
at 134-136°C. '

X : r re th thesis of poly(4-hydroxystyrene) graft
co-polymers
60 g of poly(4-hydroxystyrene) were dissolved in 300 ml of
propyleneglycolmonomethylether (PGME), and the desired amount of the graft group
was added. After adding 2.0 ml of methanesulfonic acid, the mixture was stirred for
1 hour, allowed to sit overnight, and then heated to 100°C for 5 hours. No trace of
the graft group was observed by TLC after this period. After cooling, the mixture
was diluted th.h 250 r;xl of methanol and drowned out into 7 | of DI water over a
period of 45 min. The resulting slurry was stirred for 1 hour, filtered, washed with 6
liter of DI water, and dried in vacuo at 40°C. The graft co-polymers were obtained
as yellow to brownish granular solids or powders.
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- 23 - a hotplate and by i mrersion devel opnent in 0.265 N TMAH for 60
sec yielded the follow ng results:

-16 -

The polymers were characterized by Differential Thermal Calorimetry (DTC)
measurements to obtain their glass transition temperatures, by gel permeation
chromatography (GPC) vs. polystyrene standard to obtain molecular weights and
molecular weight distributions, and by dissolution rate measurements on resin-coated
silicon wafers. The resin coating was applied in a spin-coating process from an
approx. 25% resin solution in propyleneglycol monomethylether acetate (PGMEA) t0
silicon wafers, which were then baked for 30 min in a convection oven at 90°C. The
initial film thickness of the resins was between 1.5 and 2.0 pym. The dissolution rate
measurements were carried out using a Xynex laser interferometer for endpoint
detection on immersion-developed wafers. A commercial metal-ion free developer,
AZ312 MIF (available from Hoechst Celanese Corporation), was used (base
concentration 2.38% w/w tetramethylammonium hydroxide, or 0.265 N).

4; thesi haracterizati 4-hvdr ft
I i terminated dimeri ft

A series of graft co-polymers were synthesized using the general procedure of
Example 3, starting from a poly(4-hydroxystyrene) of molecular weight 10,000 and
dispersity 1.4 (obtained by free radical polymerization and subsequent deprotection of
4-acetoxystyrene). The graft group used was 1-(2-hydroxy-3-hydroxymethyl-5-
methyl)phenyl—1-(2-hydroxy-3,5-dim.ethylphenyl)methane (of Exampie 2), a dimeric,
terminated graft group. The graft group was used in an amount of 10, 15 and 20
mole-%, relative to the number of monomer units in the poly(4-hydroxystyrene).
With the exception of the first experiment in_the series, the yields of the

corresponding _gfaft co-polymers were practically quantitative:
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phot or esi st nol e- % resol ution phot o- remarks from

graft limt speed gr oups ([err]m
(ml/cnerr]) . | i nes&spaces) pol ymer 4-1
10 0. 50 66 structures | ook

pockmar ked, wal | -17 -

angl es >80[err] pol ymer 4-2 15 0.40 150 | ess

pockmar ki ng and

polymer number 4-1 4-2 4-3
amount of graft group (mole-%) 10 15 20
weight of graft group 1 o13s 20.3 27
weight of poly(4-hydroxystyrene) 60 60 60
weight of isolated g?'aft co-polymer 62'.7 77.3 84.4

The glass transition temperatures of the polymers were somewhat lower than that of the
starting poly(4-hydroxystyrene) (P4HS), but still in a range beyond that which is typical
~ for novolaks:
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scum
si dewal | s

pol ynmer 4-3

structures w.

verti cal
sonmewhat

under exposed

sidewal |l's, still

The t her nal

20 0.40 - 0.35

-18 -

290

verti cal
good

stability of the structures was then tested

using large resist pads (50x50 [err]nm). The wafers containing the features
wer e post baked at various tenperatures for

mole-% of graft

glass transition

groups added -lemperature
parent P4HS 0 182
polymer 4-1 10 168.7
polymer 4-2 15 163.8
polymer 4-3 20 160.4

The GPC experiment revealed one of the reasons for the decrease in glass transition

temperature (which would not necessarily be expected to occur by addition of side

chains of this size and nature). As already discussed above, ether formation and

subsequent formaldehyde extrusion as well as methylene bond breakage may lead to

the formation of a low molecular weight fraction. The products 4-1 to 4-3 therefore

show a greatly increased polydispersity. As may also be seen by inspection of the
Table below, the weight average molecular weight increases far more quickly with

increasing amounts of graft groups than can be explained by the simple weight

addition. As explained above, this effect is presumed to be due 10 a partial

crosslinking of the parent polymer by free formaldehyde.
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two mnutes on a hotplate, and then exam ned relative to an unbaked
reference structure. No evidence for thermal flow or wall angle degradation
could be observed up to the highest tenpigature studied (135[err]C. In
contrast, a novol ak-containing photoresist "with the sane sensitizer showed
evi dence for beginning thermal flow at 115C after identical processing (cf.

Conpar ati ve Exanple 9). - 24 -
mole-% | experimental. expected number poly-
graft weight av. weight av. av. disper-
groups molecular molecular | molecular sity
weight weight weight
parent P4HS 0 10,000 10,600 7,100 1.4
polymer 4-1 10 27,237 13,100 1,567 17.4
polymer 4-2 15 35,986 14,650 2,831 12.7
polymer 4-3 20 61,964 16,200 | 2,736 2.7

The dissolution rates of the graft co-polymers 4-1 to 4-3 were determined as follows:
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Exanpl e 8: Lithographic eval uation of pol y(4-hydroystyrene) graft
copolyners in mxtures with novol ak resins. The procedure of Exanple 7
was repeated with the difference that theymatrix resin used in the

phot oresi st was not the pure graft copolymers of Exanple 4, but a 1:1

m xture of said graft co-polynmers with a novol ak. The novol ak used

consi sted of a fornmal dehyde pol ycondensate of a mcresol /3, 5-xyl enol

m xture and exhibited .a glass transition tenperature of 105C as well as a
di ssolution rate of about 2.4 [err]Jmmn in

mole-% dissolution rate in 0.265N
graft groups TMAH [um/min]
parent P4HS 0 : ca. 18.7
polymer 4-1 10 3.69
polymer 42 |°® 15 1.18
polymer 4-3 20 ' 0.35
4 . t rs usin
unterminated monomeric graft groups

A commercial poly(4-hydroxystyrene) polymer, Maruka Lynkur, obtained from _
Maruzen America, Inc., with an initial weight average molecular weight of 7,500 and
an initial polydispersity of 2.0 was reacted according to the general procedure of
Example 3 with various amounts of 1.) 4-hydroxybenzyl alcohol, and 2.) 2- -
hydroxybenzyl alcohol. The following results were obtained for dissolution rate R
(in 0.265 N aqueous tetramethylammonium hydroxide developer), molecular weight,
and polydispersity:
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t he devel oper of Exanple 7.
followng results were obtained for the m xtures:
resolution limt

speed _
and

0. 50

heavy scum evi dent,

possi bl e strong pol yner

1. &Hydroxybenzyl alcohol

phot o-

remar ks from

| i nes&spaces)

190

(mi/cnferr])
structures2] ook pockmarked,

Usi ng the photoresi st process of Exanple 7,
phot or esi st

t he

([err]m

pol ynmer 4-1,

novol ak, 1:1

Experiment % wiw | R [um/min] MW D Ratio Ratio
number grafter MW/MW) D/D,
5-1-1 15 9.147 8,855 6.86 1.18 34
512 20 8.566 0036 | 734 120 36
5-1-3 ‘ 25 7.885 15,006 12.7 20 64
2. 2-Hydroxybenzy! alcohol
Experiment Y% wiw R [pm/min} | . MW D Ratio Ratio
number grafter | MW/MW, D/D,
5-2-1 15 8.906 7.451 7.711 1.00 39
. 522 20 " 9,685 8,129 831 1.08 42
5-2-3 25 | 9.028 9,841 11.8 131 © 59
MWMW

The graft co-polymers of Example 4 were dissolved in methanol at concentrations of

approx. 100 mg/liter. This concentration was chosen be;ause in the 1 cm couvettes
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I nconpatibility pol yner 4-2 and 0. 40 200 | ess
pockmar ki ng and scum novol ak, 1:1

| ess inconpatibility polyner 4-3 and .  0.40 200 good
structures w. vertical novolak, 1:1 - 22 -

si dewal’l s, no scum evi dent,

no signs of polyner i :

i nconpatibility. The 1:1 m xtures showed inproved thermal stability over
| dent i cal | y&@g%ﬁc@%ﬁg@ﬁg@% 8 BHFBY S 4 1S thide R 4R Tin FAPY VS

evi dent at
248 nm, the following absorptivities were obtained:

mole-% absorptivity at 248 nm ratio vs. parent
graft groups | of a 100 mgAl solution | polyhydroxystyrene
in MeOH

parent P4HS 0 0.07 1

polymer 4-1 10 0.09 1.29
- polymer 4-2 15 0.095 1.36

polymer 4-3 20 0.10 . 1.43

le 7: Lit hic evaluation of poly(4-h n ft \

The graft co-polymers of Example 4 were mixed in a concentration of 80% w/w of
solids with a diazonaphthoquinone sensitizer at 20% of solids, with sufficient
prop)'rleneglycoknbnomethylether acetate added to make up a photoresist solution of
approximately 23% w/w solids content. The photosensitizer-used consisted of an
ester mixture of diazonaphthoquinone-2,1,4- and -2,1,5-sulfonates of 1,1,1-tris-(4-
hydroxyphenyl)ethane, with a 2,1,4-sulfonate to 2,1,5-sulfonate ratio of about 3:7,
and a total degree of esterification of about 100%. The photoresist solutions were
then coated onto silicon wafers by spin coating to jrield an approx. 1 pm thick film,
after drying on a hotplate at 100°C for 1 minute. Exposure on a Nikon i-line stepper
with a numerical aperture of 0.54, followed by a 1 min/100°C post exposure bake on
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130[err] C - 25 -

-23 -

a hotplate and by immersion development in 0.265 N TMAH for 60 sec yielded the
following results: . '

photoresist mole-% resolution photo- remarks
from: gfaft limit. speed
groups (um (raJ/cm?)
lines&spaces)
polymer41 | 10 0.50 66 - structures look
' pockmarked, wall
angles >80°.
polymer 4-2 ' 15 0.40 150 less pockmarking and
| scum,
vertical sidewalls
polymer 4-3 20 0.40 - 0.35 290 good structures w.
vertical sidewalls, still
somewhat '
underexposed

The thermal stability of the structures was then tested using large resist pads (50x50
um). The wafers containing the features were postbaked dt various temperatures for
two minutes o a hotplate, and then examined relative to an unbaked reference
structure. No evidence for thermal flow or wall angle degradation could be observed
up to the highest temperéture studied (135°C). In contrast, a novolak-containing
photoresist with the same sensitizer showed evidence for beginning thermal flow at

115°C after identical processing (cf. Comparative Example 9).
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Wien a 9:1 m xture of polynmer 4-3 with the novol ak was investigated as
above, the .structure transfer quality renai ned unchanged, but no thernal
stability inprovenment was observed. Conpar ati ve Exanple 9: Lithographic
eval uati on of a novol ak resin The novolék used consisted of a

f or mal dehyde pol ycondensate of a mcresol/3,5- xylenol mxture and
exhibited a glass transition tenperature of 105[err]C as well as a

di ssolution rate of about 2.4 [err]mmn in standard 0.265 N agueous

t et ramet hyl anmoni um hydr oxi de devel oper. A photoresist was formulated with
this

Ex le 8: Lit hic evaluation of polv(4-h ne) graft co-polymer:
in mi with noveolak resin

The procedure of Example 7 was repeated with the difference that the matrix resin
used in the photoresist was not the pure graft copolymers of Example 4, but a 1:1
mixture of said graft co-polymers with a novolak. The novolak used consisted of a
formaldehyde polycondensate of a m-cresoU3,54xylexiol mixture and exhibited a glass
transition temperature of 105°C as well as a dissolution rate of about 2.4 pm/min in
the developer of Example 7. Using the photdresist process of Example 7, the
following results were obtained for the mixtures:

photoresist resolution limit | photo- ~ remarks

from: _ (um speed
' lines&spaces) (mJ/cm?3)

polymer4-1, and 0.50 190 structures look pockmarked,
novolak, 1:1 : heavy scum evident,
possible strong polymer

incompatibility
polymer 4-2 and 0.40 200 less pockmarking and scum,
-novolak, 1:1 less incompatibility
polymer 4-3 and 0.40 200 good structures w. vertical
| noyolak, 1:1 ' - sidewalls, no scum evident,

no Signs of polymer
incompatibility..

The 1.1 mixtures showed improved thermal stability over identically process samples
of the pure novolak resin. No thermal flow was evident at bake temperatures of
130°C. '
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novol ak in the manner described in Exanple 7, with the difference that the
novol ak was used as the marix resin instead of the graft co-polyners. The
same photoresi st process and test nethod_as in Exanples 7 and 8 yielded a
phot ospeed nunber of 190 mid/cnierr] and“a Taxi mum resolution of 0.35 [err]m
for line&space features. The thermal stability test of Exanples 7 and 8

yi el ded evi dence of begi nning degradation of the resist wall angle at
115[err] C, and showed severe fl ow above 120[err]C.

When a 9:1 mixture of polymer 4-3 with the novolak was investigated as above, the
structure transfer quality remained unchanged, but no thermal stability improvement

was observed.

jv : Lit i ti nov

The novolak used consisted of a formaldehyde polycondensate. of a m-cresol/3,5-
xylenol mixture and exhibited a glass transition temperature of 105°C as well as a
dissolution rate of about 2.4 pm/min in standard 0.265 N aqueous
tetramethylammonium hydroxide developer. A photoresist was formulated with this
novolak in the manner described in Example 7, with the difference that the novolak ,
was used as the marix resin instead of thé graft co-polymers. The same photoresist
process and test method as in Examples 7 and 8 yielded a photospeed number of 190
mJ/cm? and a maximum resolution of 0.35 um for line&space features. The thermal
stability test of Examples 7 and 8 yielded evidence of beginning degradation of the

resist wall angle at 115°C, and showed severe flow above 120°C.
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- 26- What is clained is: 1. ATﬁfs ess for T —

preparing a conposition useful ‘as a mat ri x reS| as Beg nR a
phot oi mageabl e conposition consi sting essenti al Iyl Ced
pol ynér containing aromatic rings -26-with reactive

graft groups of the general formul a are attached by a

bond: [err]
Claims:
What is claimed is:

1. A composition comprising a parent polymer containing aromatic rings with
reactive sites to which side groups contaixﬁng hydroxy-substituted aromatic rings
have been attached by a covalent chemical bond.

2.  The composition of Claim 1 wherein the parent polymer is a homo- or co-

polymer of a hydré;y—substituted styrene.

3. The composition of Claim 2 wherein the parent polymer is a homo- or co-

polymer of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

4.  The composition of Claim 1 wherein the side group is a novolak monomer or

oligomer of the general formula:

R R
R,
R; OH

—m;

where R, to R, are hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of
the general formula:"

T 0 T i s th ropcament shet
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wherein R err] to R err] are hydrogen, C[err] to C[err]TlﬁékﬂéetHSQ’

iiare &) afoes o {ha ared fornil e o] IIH!IIHI"IIIIIHIIIHI

27

5. The composition of Claim 4 wherein the number of aromatic rings in the side

chain is from 1 to 4.

6.  The composition of Claim 5 wherein the side chains are all-ortho bonded
novolak units of the general structure: '

where R, to R, are independently H, hydroxy, or C, to C, alkyl, and where n is 0 to
3. |

7.  The composition of Claim 6 wherein n is 0 or 1, and R,, Ry, and R, are
methyl, and R,, R,, R,, and R, are hydrogen.

8.  The composition of Claim 5 wherein the graft groups are monomeric
methylene phenols or mixtures of methylene phenols.

9.  The composition of claim 8 wherein the graft groups are chosen from one or
more of 4—hydroxybénzyl, 2-hydroxybenzyl, 3-hydroxybenzyl, 2-methylene-p-cresol,
Z-mpthylene-m-cres;ol, 4-methylene-m-cresol; 6-methylene-2,4-xylenol, or 4-

methyleneresorcinol.
10. . A process for preparing the composition of Claim 1 comprising mixing the

parent polymer and the graft groups under conditions conductive to the formation of
a covalent chemical bond between the graft groups and the parent polymer.

[T
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where Rlerr] to Rerr] are hydrogen, Clerr] to (ferr] aI kyI or hydroxy
wherein the number of aromatic rings in the graft group l’?SheetHaSBeeanohcéh

wherein the process conprises mxing the parent : m

graft groups in a nucleophilic addition reaction

conductive to the formation of a coval ent chem cal bon bet'we
the graft groups and the par ent 'plﬂ yner. 2. The process
of claim1l wherein the parent polyner is

I’IS

11. The process of Claim 10 wherein the parent polymer isa homo- or co-
polymer of a hydroxy-substituted styrene. )

12. The process of Claim 11 wherein the parent polymer is 2 homo- or co-polymer
of 4-hydroxystyrene, 3-hydroxystyrene or 2-hydroxystyrene.

13. The process of claim 10 wherein the graft groups are systems of the general

formula:

where R, to R, hydrogen, C, to C, alkyl, hydroxy, or methylene aryl groups of the
general formula: ' |

—CH{ R/ OH

where R, t0 R, is hydrogen, C, to C, alkyl or hydroxy.

14.- The pmcéss of Claim 13 wherein the number of Zomatic rings in the graft
groups is from 1 to 4. '

15. ‘The process of Claim 14 wherein the side chains are substantially all-ortho

_bonded novolak units of the general structure: |
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a honmo- or co-polynmer of a hydroxy-substituted styrene.

process of claim2 wherein the parent polyner is Y T%s Ha eenﬂ]emaced
co- pol ymer of hydroxystyrene, 3-hydroxysty- rene o m IJI II

2- hydr oxyst yrene. 4. The pro?gss of claim1l wher

groups are substantially all - ho bonded novol ak unlts of the

gener al structure:

where R, 10 R 4 are independently H, hydroxy, or C; o C, alkyl, and where nis 0 o0
3. '

16. The process of Claim 15 wherein 0 is 0 or 1, and R, Ry, and R, are methyl;
md Rl' RSO Rn and Ri are hydtogen.

17. ‘The process of Claim 13 wherein the graft groups are monomesic methylene
phenols or mixmres of methylene phenols.

18. ‘The process of Claim 17 whersin the monomeric graft groups are chosen from
one or more of 4-hydroxybenzyl alcohol, 2-hydroxybenzyl alcohol, 3-hydroxybenzyl
alcohol, 2-hydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresal, 4-hydroxymethyl-to-
cresal, 6-hydroxymethyl-2,4-xylenol, or 4-hydroxymethylresorcinol.

19. The mixmre of the compositions of Claims 1-9 with novolak resins.

20. The mixture of Claim 19 wherein the composition of Claims 1-9 is used in an
amount between 1 and 99% (by weight, w/w) of the mixmre,

21. A matrix resin in a photoimagable composition comprising one or more of the
campositions of Claims 1-9.

22. Thé composition of mamer claim 21 further comprising a base soluble or base-

swellablc addmonal polymcnc or oligomeric materials,
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23" The composition of Claim 21 wherein the additional polymeric material is a
polyhydroxystyrene derivative, ’

24. The composition of Claim 21 wherein the additional polymeric material is a
novolak,

O
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where R err] to Rlerr] are independently H hydroxy, or Clerr] to (Jerr]

al kyl, and where nis 0 to 3. 5. The process of claim4 wherein nis 0 or
1, and Rerr], Rerr], and Rlerr] are nethyl, and Rerr], Rerr], Rerr],
and R[err] are hydrogen. 6. The process of claim 1l wherein the graft

groups are a nononeric nethyl ene phenol .gg .a m xture of nethyl ene phenols.
7. The process of claim6 wherein the nononeric graft groups are chosen
fromone or nore of 4-hydroxybenzyl al cohol, 2-hydroxybenzyl al cohol,

3- hydr oxybeozyl al co- hol, 2-hydroxynethyl-p-cresol,

. 2- hydr oxynet hyl - m cresol ,

ABSTRACT
Novel Matrix Resin for High-Temperature Stable Phott;imageable

Compaositions

The present invention relates to a novel matrix resin for high-temperature stable
photoimageable compositions, in the form of a graft copolymer of monomeric or
lower oligomeric hydroxyphenyl units grafted onto a polymer backbone containing
reactive sites, to a process for its production and to its use as a matrix resin in
photoimageable compositions either in a pure form or in admixture with other
polymeric materials.
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What is claimed is:
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1. A process for preparing 2 composition Gsehd as 2

matrix resin in a photoimageable composition..consisting
essentially of a parent polymer containing arormatic rlngs
with reactive sites to Which graft groups of the general
formula are attached by a covalent bond:

wherain R, to R, are hydrogen, C, to C, alkyl, hydroxy or
methylene aryl groups of the general formula:

where R t0 Ry are hydrogen‘ C (o akyl or hydroxy
wherein the number of aromatic rings in the graft group is
1 to 4, wherein the process comprises mixing the parent
polymer and the graft groups in a nucleophilic addidon
rzaction under conditions conducive to the formation of a
covalent chemical bond between the graft groups and the
parent polymer.

2. The process of claim 1 wherein the parent polymer is
a homo- or co-polymer of a hydroxy-substituted styrene.

3. The process of claim 2 wherein the parent polymer is
a homo- or co-polymer of hydroxystyrene, 3-aydroxysty-
rene or 2-hydroxystyrene.

4. The process of claim 1 wherein the gran groups are
substantially all-ortho bonded novolak uaits of the general

strucrure:
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where R, to R are independently H, hydroxy, or C, 10 C,
alkyl, and where n is O to 3.

3. The process of claim 4 whereinnis 0 or 1, and R,, R,
and R, are methyl, and R;, R;, Ry, and R are bydrogen.

6. The process of claim 1 wherein the graft groups are a
monomeric methylene phenol or a mixture of methylene
phenols. _

7. The process of claim 6 wherein the monomeric graft
groups are chosen from one or more of 4-hydroxybenzyl
alcobol, 2-hydroxybenzyl alcobol, 3-hydroxybenzyl alco-
hol, 2-bydroxymethyl-p-cresol, 2-hydroxymethyl-m-cresel,
4-hydroxymethyl-m-cresol, 6-hydroxymethyl-2,4-xylenol,
or 4-hydroxymethylresorcinol.

§. A method of using a Eomposition as a matrix resin in
a photoimageable material, wherein the photoimageable
material is applied to a substrate and the composition
consists essentially of a parent polymer containing aromaric
rings with reactive sites to which graft groups of the general
formula are attached:

R

'-CHz /
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where R, to R, are hydrogen, C, to C, alkyl, hydroxy or
methylene aryl groups of the general formula:

Rs Rs

/

Ry

—CH;
R OH

where Rs 10 Rg are hydrogen, C, 1o C, alkyl or hydroxy
wherein the aumber of aromatic cings in the graft group is
1to 4.
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ABSTRACT
Navel Matrix Resin for High-Temperature Stable Photoimageable

Compositions

The present invention relates to a novel matrix resin for high-temperature stable
photoimageable compositions, in the form of a graft copolymer of monomeric or
lower oligomeric hydroxyphenyl units grafted onto a polymer backbone containing
reactive sites, to a process for its production and to its use as a matrix resin in
photoimageable compositions either in a pure form or in admixture with other
polymeric materials.




