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LIGHT-SENSITIVE NOVOLAC RESINS

BACKGROUND OF THE INVENTION

1. Field of the Invention.,

This invention relates to light-sensitive resins
and photoresist compositions containing the same and is
more particularly concerned with light-sensitive novolac
resins and positive-acting photoresist compositions con-
taining said resins as the photosensitizer.

2. Description of the Prior Art.

Photoresist compositions which give rise to posi-
tive resist images are well-known in the art. These
compositions generally comprise an alkali-soluble polymer
such as a novolac resin and a photoactive component con-
taining diazo and keto groups on adjacent positions in a
benzenoid structure. The latter is generally an ester of
a 2-diazo-1,2-naphthoquinone-4- or 5-sulfonic acid and a
polyhydroxy compound such as trihydroxybenzophenone.
Exposure of these photoresist compositions imagewise to
actinic 1light serves to convert the diazo-keto configura-
tions of the sensitizer to a carboxylic acid-containing
moiety.. Hence, those portions of the photoresist which
have been exposed to the actinic radiation are rendered
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soluble " in alkali. The desired photoresist image is
developed using alkaline developers.

The production of microelectronic circuitry has
now reached a stage in which the width between lines in
the circuitry is 1 micrometer or less. This requires the
use of photoresist compositions capable of giving high
resolution, high contrast and near verticq; sidewalls.
The photoresist composition is generally applied to the
substrate as a thin 1layer which, after removal of sol-
vent, has a thickness of the order of 1 to 2 micrometers.
Hence, in the fabrication of the above fine resolution
circuitry, the aspect ratio (ratio of £ilm thickness to
line width in the image) is more than one. In the
imagewise radiation of a photoresist layer of about 1
micron thickness, some scattering of the light can occur
resulting in 1loss of sharpness of the edges, loss of
definition and the formation of sloping or undercut
sidewalls of the developed image. Further, in
development of the image using alkaline developers, some
loss of resist from the unexposed portions of the resist
can occur since the binder generally used in the resist,
namely a novolac resin, has some limited solubility in
the developer. This contributes to loss of depth of the
image and can affect the sharpness of the image.

Guild U.S. Patent 4,141,733 describes the use of a
particular developer, namely methyltriethanol ammonium
hydroxide, as a means of overcoming the problem of lack
of high definition of the image. The use of this
developer is said to give improved development time
latitude, development temperature latitude, exposure
latitude, prebake latitude, resist contrast, depletion
rate, and retention of image layer thickness. In the
preferred embodiments of the process described by Guild,
the photoresist system employed is a mixture of a
resinous binder (which can be a novolac resin) and a
light-sensitive polymeric compound which is the reaction
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product of a 2-diazo-1l,2-naphthoquinone-5-sulfonyl halide

REFLA

and a novolac resin having a molecular weight of 350 -

40,000. The molar ratio of diazo compound to resin can
lie within a very broad range, namely 99:1 to 1:99 but is
preferably in the range of 1:25 to 1:5. The weight ratio
of this light-sensitive polymer to the non-light sensi-
tive resinous binder in the photoresist composition is in
the range of about 1l:1 to about 99:1,‘i.é: the light-
sensitive polymer is always present in the mixture in an
amount of 50 percent by weight or higher.

JIt has now been found that the difficulties
described above in regard to the formation of satis-
factory photoresist images with sub-micron resolution can
be overcome without the need to use special develoéers
such as that described by Guild, supra. Thus, it has
been found that, by employing a light-sensitive polymeric
resin having a particular and carefully selected composi-
tion in combination with a non-light~sensitive novolac
resin binder in a particular weight ratio, it is possible
to formulate a photoresist composition which can be
developed using conventional alkaline developers and
which gives rise to resist images exhibiting high con-

trast . and sub-micron resolution with substantially
vertical sidewalls.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a
photoresist composition which can be employed to give
resist images exhibiting high contrast and sub-micron
resolutions with substantially vertical sidewalls.

It is a further object of the invention to provide
a photoresist composition which comprises a mixture of a
light-sensitive polymeric resin and a non-light-sensitive
polymeric binder and which can be used to prepare resist
images capable of development by conventional alkaline
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developers, said images exhibiting excellent contrast and
sub-micron  resolutions with substantially wvertical
sidewalls.

These objects, and other objects which will become
apparent from the description which follows, are achieved
by the present invention. The latter, in its broadest
aspect, comprises a positive photoresist composition
which comprises, in admixture, (a) a 'lidht—sensitive
novolac resin and (b) a non-light-sensitive novolac resin
wherein component (a) comprises the product of reaction
of a 2-diazo-1l,2-naphthoguinone sulfonyl halide and a
phenol-formaldehyde novolac resin having a molecular
weight in the range of about 500 to about 1500 using a
ratio of moles of the halide per hydroxyl group in the
resin in the range of about 1:1 to about 1:5, and wherein
the ratio by weight of component (a) to component (b) is
within the range of about 1l:1 to about 1:10.

The invention also comprises a method of making a
positive resist image on a substrate which method com-
prises coating the substrate with a layer of the above
composition, exposing the layer imagewise to ultraviolet

radiation and developing the image using an alkaline
developer.

DETAILED DESCRIPTION OF THE INVENTION

The main components of the photoresist composi-
tions of the invention are (a) a light-sensitive novolac
resin and (b) a non-light-sensitive novolac resin. As
set forth above, the 1light-sensitive novolac resin (a)
comprises the product of reaction of a 2-diazo-1,2-
naphthoguinone sulfonyl halide (I) and a novolac resin of
a particular composition. A number of parameters are
important in the formulation of this product. Thus, the
novolac resin is one in which the phenol component is
predominantly a cresol, i.e. the phenol component
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preferably comprises at least 50 percent by weight of a
cresol preferably p-cresol, m-cresol, or a mixture of
m-cresol and p-cresol. The remainder of the phenocl com-
ponent, if any, is phenol itself, a 4-alkylphenol wherein
alkyl is ethyl, propyl, butyl including isomeric forms of
propyl and butyl, or a dialkylphenol such as o~, m-, or
pP-Xylenol, ethyl methylphenol, diethylphenol and the
liﬁgff‘ The novolac resin in which thg pheﬁél component
has the above composition is prepared by acid-catalysed
condensation of the said phenol component with formalde-
hyde using procedures conventionally employed in the art;
see, for example, Chemistry and Application of Phenolic
Resins, Knop et al., Chapter 4, Springer Verlag, New
York, 1979. However, the novolac resin so prepared for
use 1in the present invention has a molecular weight in
the range of about 500 to about 1500 and, preferably, in
the range of about 700 to about 1000. Novolac resins
having average molecular weights in this range are
prepared advantageously .by employing a large excess over
the stoichiometric amount of the phenol and using as the
catalyst an organic acid such as formic, oxalic,
propionic, succinie, maleic and like acids. The
formaldehyde is employed as an aqueous solution and not
in the form of paraformaldehyde or trioxane.

In addition to the molecular weight and the nature
of the phenol component in the novolac resin used to pre-
pare the above component (a), the reactant proportions
employed in the reaction of the diazo sulfonyl halide (I)
and the novolac resin play an important role in the
properties of the component (a). Thus, it has been found
that the ratio of moles of the sulfonyl halide (I) per
hydroxyl group in the novolac resin advantageously should
lie in the range of about 1l:1 to about 1:5 and preferably
should be of the order of about 1:2 to 1:4. Thus, the
component f{a) has a much higher proportion of diazo
naphthoquinone sulfonyl substituents on the novolac resin
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than in the case of the preferred light-sensitive novolac
resins described in the aforesaid U.S. Patent 4,141,733.
The preferred molar ratio of diazo sulfonyl halide to
novolac resin described in the latter patent is in the
range of 1:25 to 1:5. The consequences of this differ-
ence will become apparent from the description below.

The reaction between the sulfonyl hq}ide (I) and
the novolac resin to prepare component (a) is carried
out, using reactant proportions in the above described
range, in the presence of a base under conditions con-
ventional in the art for acvlation or alkylation of a
phenol. The reactiSn is conducted in the presence of a
solvent which is advantageously an inert organic solvent,
i.e. an organic solvent which does not itself react with
any of the reactants or interfere in any manner with the
desired course of the reaction. Illustrative of solvents
are water-miscible solvents such as dioxane, tetrahydro-
furan, acetone, acetonitrile, mixtures of the above, and
the like. -

The base employed in the reaction can be any of
those conventicnally employed in such reactions. Illus-
trative of bases are inorganic bases such as alkali metal
and alkaline earth metal hydroxides and carbonates
typically employed as an agqueous solution; alkali metal
alkoxides such as sodium methoxide, sodium ethoxide and
the 1like typically employed as an alcoholic solution;
tertiary organic amines such as pyridine, N-methyl-

pyrrolidine, N-methylpiperidine, triethylamine,
N,N-dimethylethanolamine, N,N-diethylethanolamine and the
like. The base 1is generally employed in at least a

stoichiometric amount, i.e., 1 mole per mole of sulfonyl
halide . (I) but higher proportions can be employed if
desired.

The reaction c¢an be conducted at ambient tempera-
tures, i.e. of the order of about 20-25°C., but higher or
lower temperatures, i.e. from about 10°C up to the
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boiling point of the solvent employed, can be used
depending upon the rate of reaction desired.

As the reaction proceeds the reaction product of
the base and the hydrogen halide which is eliminated in
the reaction separates out from the reaction mixture as a
precipitate. Thus in the case of the use of alkali metal
hydroxides, carbonates, or alkoxides as the base, the
corresponding alkali metal halide will® sébarate as a
precipitate but may redissolve into the agueous or
alcoholic component. * In the case of the use of a
tertiary amine as the base, the corresponding hydrohalide
of the tertiary amine will separate from solution. The
completion of the reaction is signalled by the point at
which no further precipitate separates from the reaction

mixture. The resulting reaction mixture, after cooling
if necessary, is then treated to isolate the desired
component (a). A particularly convenient way of achiev-

ing this result 1is to pour the reaction mixture into a
large excess of water. The desired preduct is thereby
precipitated and the other components of the mixture pass
into solution in the water. Hence the desired product
can be isolated by filtration or like means. The product
so isolated can be purified, if desired, by recrystalli-
zation, reprecipitation or 1like conventional means. In
general it is found that such purification is unnecessary
provided the product 1is washed well with water after
isolation from the reaction mixture in the above manner.

The sulfonyl halide (I) employed 1in the above
reaction can be either the 4~ or S5-isomer and is prefer-
ably in the form of the sulfonyl chloride or bromide, the
chloride being the preferred species.

The component (b) employed in the compositions of .
the 1invention can be any of the novolac resins conven-
tionally employed in positive-acting photoresist com-
positions. A particularly preferred group of such resins
for use in the present invention comprises those derived
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primarily from m-cresol or p-cresol alone or a mixture
thereof. Advantageously, the resins employed in the
compositions of the invention, including the preferred
group, have average molecular weights in the range of
about 800 to about 20,000 and preferably from about 4,000
to 8,000.

The 1light-sensitive resin component (a) and the
non-light-sensitive novolac resin component (b) are
employed in the compositions of the invention in admix-
ture 1in a ratio by weight of (a) to (b) in the range of
about ,1:1 to about 1:10. Preferably the weight ratio of
(a) to (b) is in the range of about 1:3 to about 1:5 and
a most preferred ratio is 1:3.8 to 1:4.5. The proportion
of the light-sensitive resin éomponent (a) in these com-
positions 1is significantly lower than the proportion (at
least 1:1) called for by the aforesaid U.S. Patent
4,141,733. The lower proportion employed in the present
invention is possible because of the much higher propor-
tion of the diazo sulfonyl substituents present in the
component (a) as discussed above. It is believed that it
is this combination of factors, i.e. higher substitution
of diazo sulfonyl substituents in component (a) which, in
turn, enables one to use a lower proportion of component
(a) in admixture with component (b), which gives rise to

the improved properties of the compositions of the
invention.

I‘I'II\J SML‘ _‘.1 L;\\%?}\}\
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The compositions of the invention generally also
comprise a solvent or a mixture of solvents. The solvent
or solvents employed is or are generally selected based
on compatibility with the other components of the photo-
resist and like considerations. Illustrative of solvents
employed alone or admixture in the compositions of the
invention are ketones such as methylethylketone,
methylisopropylketone, diethylketone, cyclopentanone,
cyclohexanone and the like; chlorinated hydrocarbons such
as trichloroethylene, 1,1,1-trichloroethane and the like;
aliphatic alcohols such as ethanol, n-propyl alcohol,

]
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n-butyl alcohol, n-hexyl alcochol and the like; aliphatic
esters such as n-butyl acetate, n-hexyl acetate, cello-
solve acetate, ethyl lactate and the like; glycol ethers
such as ethylene g¢glycol monomethyl ether, propylene
glycol monomethyl ether and esters thereof such as the
acetates, propionates and the like; and aromatic hydro-
carbons such as toluene, xylene and the like; and
aromatic ethers such as anisole. A‘préfefred group of
solvents are the aliphatic alcohols, aliphatic esters,
glycol ether esters 'and aromatic hydrocarbons and mix-
tures of two or more such solvents. In general, the
amount of solvent ranges from about 35 percent to about
85 percent by weight of the total composition.

The amount of the combined components (a) and (b)
present in the total composition including solvents is
advantageously within the range of about 10 tc about 50
percent by weight and, preferably, within the range of
about 15 to about 35 percent by weight.

The compositions of the invention may also com-
prise other optional components conventionally employed
in the art such as plasticizers, surfactants, adhesion-
promoters, finely-divided pigments and the like.

The photoresist compositions of the invention can
be employed to prepare positive resist images using
procedures conventional in the art. 1Illustratively the
compositions are applied as a film coating to a substrate
using conventional techniques, the solvent is removed
from the film and the film is exposed imagewise to a
source of UV-radiation of a wavelength in the range of
about 410 nm to about 280 nm in the case where component
(a) is substituted by the 4-isomer of the diazo
naphthaguinone sulfonyl moiety and about 450 to 300 nm in
the case of the corresponding 5-isomer. The exposed
portions of the film are thereby rendered soluble in
alkali and a positive image is thereafter developed by
dissolving out the exposed portions of the film using an

*
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alkaline developer. Illustrative of such developers are
aguegus sodium or potaésium hydroxide, sodium
metasilicate, sodium orthophosphate, sodium hydrogen
phosphate, tetramethylammonium hydroxide, choline, and
the like.

It is found that the images so produced exhibit
excellent contrast, high sub-micron resolution and
substantially vertical sidewalls. Fufﬁher, there is
markedly less depletion of photoresist from the unexposed
portions during the ' development of the image than has
been encountered hitherto in the art. The development of
the image exhibiting these highly advantageous properties

can be carried out using any of the developers commonly
employed in the art.

The following examples illustrate the process and
compositions of the invention and show the best mode

known to the inventors of carrying out the invention, but
are not to be construed as limiting.

Example 1
(a) A mixture of 3000 g. (27.8 mole) of p-cresol,

- 1600 g. (19.7 mole) of 37 w/w formaldehyde and 20 g. of

oxalic acid was heated with stirring to 80°C. An
exothermic reaction commenced and the temperature reached
a high of 985°cC. Stirring was continued until the

temperature fell to ambient (circa 20°C.). The resulting
mixture was allowed to stand overnight before being
heated to 230°C. under reduced pressure (10 Torr) to
remove water, unreacted p-cresol and lower molecular
weight oligomers. The residual novolac resin (2654 g.)
had a softening point of 99.5-100°C., and an average
molecular weight determined by gel permeation chroma-
tography of 600.

(b) To a solution of 180.3 g. (1.5 hydroxyl
equivalents) of the novolac resin obtained as described
above in 600 ml. of dioxane was added 160.9 g. (0.56
moles) of 94 percent pure 2-diazo-1,2-naphthoquinone
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S5-sulfonyl chloride. The resulting mixture was stirred
and cooled while a total of 68.8 g. (0.59 moles) of
diethylethanolamine was added dropwise at a rate such
that the temperature of the reaction mixture did not
exceed 25°C. When the addition was complete the mixture
was stirred for a further 30 minutes before being poured
with wvigorous stirring into 5000 g. of water to which had
been added 50 g. of concentrated hydrpchlofic acid. The
precipitate so formed was isolated by filtration, washed
thoroughly with water while on the filter and dried in a
vacuum oven at 35°c. for 48 hours. There was thus
obtained a llght-sen51t1ve novolac resin in accordance
with the invention having an average of one 2-diazo-1,2~
naphthoquinone-5-sulfonyl substituent per 2.7 hydroxyl
groups in the starting novolac resin.

-12-

Example 2 , .

Using the procedure described in Example 1, part
(a), but replacing the p-cresol there used by an equal
amount of m-cresol there was obtained 2730 g. of a
novolac resin having a softening point of 85-86°C. and an
average mol.wt of 750 as determined by gel permeation
chromatography. Using the procedure described in Example
1, part (b), but replacing the novolac resin there used
by an equal amount of the above novolac resin there was
obtained a light-sensitive novolac resin in accordance
with the invention having approximately one diazo
naphthoquinone-5-sulfonyl substituents per 2.7 hydroxyl
groups in the starting novolac resin.

Example 3

Using the procedure described in Example 1, parts
(a) and (b), but replacing the 2-diazo-1,2-naphtho-
quinone-5-sulfonyl chloride employed in part (b) by an
equal amount of 2-diazo-1,2-naphthoquinone-4-sulfonyl
chloride, there is obtained a 1light-sensitive novolac
resin in accordance with the invention.
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Exanple 4
A positive photoresist composition in accordance
with the invention was prepared by admixing the following

components in the proportions shown (all parts by
weight):

-13-

novolac resin 1

: 23.00
light-sensitive resin of Example 1: 6.00
surfactant .+ 0.05
solvent 2 : 70.95
Footnotes:
1: acid-catalysed formaldehyde/m-cresol/p-cresol con-
densate.

2: mixture of propylene glycol monomethylether
acetate, xylene and butyl acetate.

An aliquot of the above composition was applied to
a silicon wafer by spin-coating and the coated wafer was
baked at 110°C. for 50 seconds. The average thickness of
the resulting £film was 1.8 microns. The f£ilm was then
exposed via a photomask having submicron circuitry
patterns to ultraviolet 1light in a broad band exposure
mode (300-436 nm; 110 mJ/cm?). The exposed film was
developed using an agqueous alkaline developer (MF-29 :
MacDermid, Inc., Waterbury, CT) for 2 minutes at 21°C.
The resist image so produced was scanned by electron
microscopy and observed to have excellent contrast, high
resolution and sidewalls which were substantially
vertical (88-89° with respect to the substrate surface).

Example 5

A positive photoresist composition in accordance
with the invention was prepared as described in Example
4, but replacing the light-sensitive resin of Example 1
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by an equal amount of the 1light-sensitive resin of

Example 3, keeping all other components and proportions
unchanged.

An aliquot of the above composition was applied to
a silicon wafer by spin-coating and the cocated wafer was
baked at 110°C. for 50 seconds. The average thickness of
the resulting film was 1.8 microns. The film was then
exposed imagewise using an I-line eprsufe tool (250
mJ/cm?2) and the image was developed using the same
alkaline developer and conditions employed in Example 4.
The resulting image was scanned by electron microscopy
and found to comprise 1lines of width 0.6 microns with
substantially vertical sidewalls (89-90° with respect to
the substrate surface).
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What is claimed is:

1. A positive photoresist composition which
comprises, in admixture:

(a) a light-sensitive novolac resin; and

(b) a non-light-sensitive novolac resin;

said component (a) comprising the product of
reaction of a 2-diazo-1,2-naphthoquinone sﬁlfonyl halide
and a novolac resin having an average molecular weight in
the range of about -500 to about 1500 using a ratio of
moles of halide per hydroxyl group in said resin in the
range of about 1:1 to about 1:5;

the ratio by weight of component (a) to component
(b) being within the range of about 1:1 to about 1:10.

2. A photoresist composition according to Claim 1
wherein the 2-diazo-1,2-naphthoquinone sulfonyl halide is
2-diazo-1,2-naphthoquinone-4-sulfonyl chloride.

3. A photoresist composition according to Claim 1
wherein the 2-diazo-1l,2-naphthoquinone sulfonyl halide is
2-diazo-~1,2-naphthoquinone-5-sulfonyl chloride.

4. A photoresist composition according to Claim 1
wherein the novolac resin employed in component (a) is
derived from p-cresol or m-cresol or a mixture thereof.

5. 2 photoresist composition according to Claim 4
wherein said novolac resin has an average molecular
weight in the range of about 700 to 1000.

6. A photoresist composition in accordance with Claim
1 wherein the ratio of moles of 2-diazo-1,2-naphtho-
quinone sulfonyl halide per hydroxyl group in the novolac
resin is in the range of about 1:2 to about 1:4.
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7. A photoresist composition in accordance with Claim
1 wherein the reaction between said sulfonyl halide and

said novolac resin is carried out in the presence of a
base.

8. A photoresist composition in accordance with Claim
1 which also comprises a solvent.

’

9. A photoresist composition in accordance with Claim
8 wherein said solvent comprises a mixture of propylene
glycol methyl ether acetate, xylene and butyl acetate.

10. A photoresist composition in accordance with Claim
1 wherein the combined amount of components (a) and (b)

in said composition is about 10 to about 50 percent by
weight.

11. A photoresist composition in accordance with Claim
1 wherein the non-light-sensitive novolac resin is
derived from m-cresol or p-cresol or a mixture thereof.

12. A photoresist composition in accordance with Claim
1 wherein the ratio by weight of component (a) to
component (b) is in the range of about 1:3 to about 1:5.

13. A method of preparing a positive photoresist image
on a substrate which comprises applying to said substrate
a coating of a composition as claimed in cClaim 1,
exposing the coating imagewise to ultraviolet radiation

and developing the positive image using an alkaline
developer.

‘~
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