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LIGHT-SENSITIVE NOVOLAC RESINS

BACKGROUND OF THE INVENTION

1. Field of the Invention.,

This invention relates to light-sensitive resins

5 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.

10

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
15 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.

20

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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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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5 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

10 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

15 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

20 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.

25 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.

30 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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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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o like. The novolac resin in which thg phenol component
has the above composition is prepared by acid-catalysed

10 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
15 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

20 the stoichiometric amount of the phenol and using as the
catalyst an organic acid such as formic, oxalic,
propionic, succinic, maleic and like acids. The

formaldehyde is employed as an aqueous solution and not
in the form of paraformaldehyde or trioxane.

25 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

30 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

35 component (a) has a much higher proportion of diazo
naphthoquinone sulfonyl substituents on the novolac resin
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The preferred molar ratio of diazo sulfonyl halide to
novolac resin described in the latter patent is in the
5 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

10 range, in the presence of a base under conditions con-
ventional in the art for acvlation or alkylation of a
phenol. The reaction 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

15 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. -

20 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

25 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
30 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-

35 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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As the' reactidn proceeds the reaction product of

the base and the hydrogen halide which is eliminated in

3 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

10 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

15 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

20 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

25

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-

30 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-

35 positions. A particularly preferred group of such resins
for use in the present invention comprises those derived
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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-

10 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-

15 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

20 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

25 the improved properties of the compositions of the
invention.

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

30 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,

35 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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solve acetate, ethyl lactate and the like; glycol ethers
such as ethylene g¢glycol monomethyl ether, propylene

5 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,
10 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)
15 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
25 procedures conventional in the art. 1Illustratively the

compositions are applied as a film coating to a substrate

using conventional techniques, the solvent is removed

20

from the film and the film is exposed imagewise to a
source of UV-radiation of a wavelength in the range of
30 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
35 alkali and a positive image is thereafter developed by
dissolving out the exposed portions of the film using an

*
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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
10 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.

15 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
20 (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
6xalic 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
25 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.)

30 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

35 above in 800 ml. of dioxane was added 160.9 g. (0.56

moles) of 94 percent pure 2-diazo-1,2-naphthoquinone
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novol ac resin todprggaie coaglﬂgnt (aéoks carélegl8 8 g. (0.59 moles) of
diethylethanolamine was added dropwise at a rate such
that the temperature of the reaction mixture did not
5 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
10 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
15 groups in the starting novolac resin.

Example 2 ,
Using the procedure described in Exampie 1, part
(a), but replacing the p-cresol there used by an equal
amount of m-cresol there was obtained 2730 g. of a
20 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
25 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
30 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
35 resin in accordance with the invention.



f%ut ‘using reactant proportions in the above described range, in the
presehce of a basqmygggﬁhggggm%hgﬁs con- ventional in the art for

acyl ation or al kyl at The reactio s ug}ed in the
'pr esence of a solve iﬂlﬂﬂm Hﬁﬂ% ant ageously an inerjt olrsg>a’m H3QTyen
i.e. an organic sol not |tself react wth-af§ilatsghe™™
reactants or interfere in any manner wi ttlihe desired course OT*T*KLW\(
reaction. Illustrative of solvents are water-m scible solvents such as

di oxane, tetr hﬁdro- Iuran, acetone, acetonitrile, m xtures of the above,
and the |ike. enployed in the reaction can be any of those

conventional ly enpl ayedpdditsive HiRtora’ist! | l::%pofsﬁ.%tibﬁelﬁf aEéé?éaﬁé@
i norgani c bases suchgs al kal i netal and al kal i ne ear

hydr oxi des  afi NARN YRR @A Prepasiesy &y aQ&“-"&Hgaé}g@oGQ iﬁ?"ﬁ’i‘gon
al kal'i metal edrdgpaneress sucin as wrdi YRoidtdende, shednum(aihoxpdetandby

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

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

15 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

20 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

25 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
30 with the invention was prepared as described in Example

4, but replacing the light-sensitive resin of Example 1



~Jtertiary organic
am nes such as pyridine, N—nethyl pyrrolldlne THIS sty

N- et hyl pi peri di ne, Tmsamd1h$3%m e, N,Ndine hyleqhgbbﬁéﬁmmﬁm

N, N- di et hyl et hanol am The base is el BED y | oyed
In at | east a stoichio i.e., 1 nmole per nole o?\§uh nyl
halide (1) but higher or |ons can be € oyed if desired. The reaction
can be conducted at anbient tenpera- tures, i.e. of the order of about

20-25C., but higher or |lower tenperatures, i.e. fromabout 10[err]C up to
t he -7 - bdivt i g peiqualof amoeansol eént thapl dyght-sensbeiveedresprndofhg

upon the rate @Qfapf8act 10N eIIRE a1l other components and proportions
unchanged.

An aliquot of the above composition was applied to
5 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
10 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).



As the reaction proceeds the reaction product of the base and the hydrogen

halide which is elimnated in the reaction separates ouf_fromthe reaction

ni-xture as a preci pi ml‘mummmmuﬂ case of the use gfralkkei_netal
hydr oxi des, carbonat UOKS as the base, the ¢orrespbidR al

metal halide will sepdrafe 'as 'a precipitate but may redissel'vé into the ]
aqueous or al coholic conponent. In théS=case of the use of a
tertiary am ne as the base, the correspondi ng hydrohalide of the tertiary
amne wll separate from solution. The conpletion of the reaction is
signal l ed by t WBaSoist CA8imAACcASho further precipitate separates fromthe
reacti on m xture. The resulting reaction mxture, after cooling if
necessary, is then treated to isolate the desired conponent, (a). A
particularly cénveni et waPosStta¥ai ev-Phakoresist esul ¢oMROSItBur i ch

reaction m xt Ue@mpiQed,| 3h08dmexeqeae;: of water. The desired product is
t her eby

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

5 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

10 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.

This Sheet Has Been Replaced
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precipitated and the other conponents of the m xture pass into solution in
t he. wat er. ance the _desired Droduct can be isolated by filtration or |ike
nmearis” The product so isol ated can i f de

zation, repreC|p|tat|iﬂlu "u ﬂﬂ Hﬂt&“mtlonal neans I E‘

t hat such purificatio provi ded t he prOlﬂH

with water after isolation fromthe reacta6-m xture in the above ranner .
The sul fonyl halide (1) enployed in the above reaction can be either the 4-

or 5-isoner and is prefer- ably in the formof the sulfonyl chloride or
brom de, the clkori deAbePhgtohes sl commpals bipban cln  aduo rtanmeneniith I©laim

enpl oyed in the Qﬂg?ﬁfht'eﬁé Of'eéé"@lé& @Ewé’é}x sraz{'lgcp lg]['yqjgsy Lsr{leil.cl g

resins conven- tion N pos T ve-act
positions.  ASpadti agvglag pr@$bmr els groagr idd sauth iresihes fresamoe iaf he
present inventgRaconpri ses those derived

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 Claim 1,
exposing the coating imagewise to ultraviolet radiation

5 and developing the positive image using an alkaline
developer.

‘~
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-8- primaril+4* frommcresol or p-cresol alone or a mxture t her eof .
Advant ageously, the resins enployed in the conpositions of the |nvent1>0r~;a

including the preferred group, have average nol ecul ar wei ghts in thqrrahge
of about 800 to about 20,000 and preferably from about 4,000 to 8,000. The
light-sensitive resin conponent (a) and the non-light- senBitiNiE VENAGV6F ac

resin conponent (b) are enployed in the conpositions of the invention in
adm x- ture in a ratio by weight of (a) to (b) in the range of about 1 lto
about 1:10. Preferably the weight ratio of (a) to (b) [s_Tm-the—reange

about 1:3 to about 1:5 and a nost preferrgd ratio is 1: BERBLAGGMENT. SHEETh
proportion

»

0 3 DEC j008

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 compos;tidns which give rise to posi-
tive resist 4images are well-known 4in the art. These
compositions generally comprise an alkali-soluble polymer
such as a novolac resin and a photoactive component con-

taining diaz0 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 5S-sulfonic acid and a
polyhydroxy compound -~ such as trihydroxybenzephenone.
Exposure of these photoresist compositions imagewise to
actinic - light serves to convert the diazo-keto configura-
tions of the sensitizer to a carboxylic acid-containing
molety. Hence, those portions of the photoresist which'
have been exposed to the actinic radiation are rendered

b e )



of the |ight-sensi

t (a) in these com positions is '
significantly | owe RHﬂiﬁCHﬁEMbﬁbﬁﬁitlon (at least 1:1) called for

the aforesaid U. §. Pat-ent—4—144, 7133. The | ower proportion e

t he present invention éq because of the much hi ﬁCbng gﬁegton
of the diazo su f)n I su stT gntls present in the conponent (a) as

di scussed above. |{ Pis—bett+eved at| it.ps this conbination of factors,
i .e. higher substifution of dlazo sul fonyl substituents in conponent (a)
which, in turn, enabtes | ower proportion of conponent (a) in

a]gimt )ﬁt ure wi é@l@@l@onﬁmt dDalihi ch Thevegekiizad! O phidkor@Rigteimpgoresti es
0] e conp

iti e i nye conposi tions of the invention
general |l y alé%vﬁgﬂﬁ? s%s %0?¥¥éiiQﬁ'45v i?PG

£&<of sol vents. The sol vent or
sol vents enployed The opredecybser df ynicreelettrandd eireaipeyi hasity

“‘th the otherwcoggac eés Qf é@agéﬂ¥§(%hich the width between lines in
the circuitry is 1 micrometer or less. This requires the
use of photoresist compositions capable of giving high
resoclution, high contrast and near vertical sidewalls.
The photoresist composition is generally applied to the
substrate as a thin layer 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 loss of sharpness of the edges, loss of
definition and the formation of sloping or undercut
sidewalls of the developed - image. Further, in
developﬁeht 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, hds some limited solubility in
?thef_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
particulatr developer,’ nameiy- methyltriethanel 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 develcpment time
latitude, development temperature latitude, exposure
latitude, préﬁgke latitu&e, resist contrast, depletioh
.rate, and retention of image layer thickness. 1In the
preferred embodiments of the process described by Guild,

the photoresist system employed 1is a mixture of a
resinous binder (which can be a

novolac. resin) and a
1ight-sensitive polymeric compound which is the reaction



resist and |i ke considerations.

adm xture in the conpositions of the invention are ket ones such
nmet hyl et hyl ket one,[] FTsopropytket one, di et hyl ket one,
RERALENENS

cycl opent anone, cy

&N

as trichl oroethyl gng,” I, I, I=triTthj of oet hane and the |ike; aliphatic
al cohol s such as ¢t harfpg, DEEpropy| al cohol , -9- n-butyl al cohol,
n- hexyl al cohol anpdithe |ike; aliphatic esters such as n-butyl acetate,

n- hexyl acetate, ¢elTo--Sol've acetaje, ethyl lactate and t-he like;
ethers such as ethyl ene gl ycol nonomet hyLset her, propyl ene glycol

et her and esters tThéreof such as the acetates, propionates and
and aromati c hydro-

nononet hyl
the Iike;

product of a 2-diazo-l,2-naphthoquinone-5-sulfonyl halide
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 rangé, namely 99:1 to 1:99 but is
preferably in the range of 1:25 to 1l:3. 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 1:1 to about 99:1, i.e. the light-
sensitive polymer is always present in the mixﬁure in an
amount of 50 percent by weight or higher.

US-A-4308368 discloses a high sensitivity novolac
resin which contains alkyl phenol with a C3 to C12 alkyl
substituent and at least one phenol or methylphenol, i.e.
para, meta or ortho cresol. US-A-4555469 discloses .that
diazoquinone sulfonyl halide preferentially reacts with
the low molecular weight consituent but also with cresol
novolac, i. e. meta, ortho or para cresol novolac.

It has now .been found .tﬁat the difficulties
described above in regard to the formation of satis-
factory photoresist images with sub-micron reséiution can
be overcome without the need to use special'developers
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 toc resist images exhibiting high con-

trast and sub-micron resclution with substantially
vertical sidewalls.

[I'lustrative of solvents enpl oyed al one or

as

Tt he like; chlorinated hREﬂdﬁﬁﬂ%ﬁﬁéﬂgﬁgh

gl ycol



carbons such as toluene, xylene and the like; and aromatic ethers such as
ani:sole. A preferr ts are the aliphatic al cohols,

aliphatic esters, (IRBFPOACENBNT SPEFEris and aromatic hydrocarbons and m X-
tures of two or nofe °uch solvents. {In general, the anmpunt OPEﬁ TSH[ET
ranges from about B5 ew%cuﬁg@ out 85 percent by weight o

conposition. The anr v e’ ¢ i ned-donmponents (a) and (b) present I n
the total conposit|om—netudinrg—sel vients i s advantageously within the range
of about 10 to about 50 percent by i ght and, preferably, within the range
of about 15 to abot+—35- i ght. The conpositions of the

invention may also com priscutbay oFt THEAINVENEOIONNts conventional |y
enployed in the art such as plasticizers, surfactants,-adhesion- pronoters,
finely-divided pigments and the I|ike. The phot or esi st conpositions of the
I nvention can 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
resclutions 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

developers, said images exhibiting excellent contrast and
sub-micron resolutions with substantially vertical
sidewalls. '

‘The present invention provides a positive photoresist composition which
comprises, in admixture;

(2) a light-sensitive novolac resin; and
(®) a non-light-sensitive novolac resin;

said component (a) comprising the product of reaction of a 2-diazo-1,
2-naphthoquinone sulfonyl halide and a novolac obtained by the reaction
of para cresol and formaldehyde and 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.

The invention also provides 2 method of making a positive resist image on a
substrate which method comprises 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
Tesin and (b). a non-light-sensitive novolac resin. As



<

be enpl oyed to prepare positive resist inmages using procedures conventional
in the art. |11 usyrmggd = psitions are applied as a filmcoating
to a substrate usiJﬂyﬁﬁﬁgﬁﬁprgﬁgﬁWPEChniques, the solvent is renoved from
the filmand the f{i lim. osed j npgewi se to a source of UREPRACEMENNSIOEETa
wavel ength in thejr Ln&ioﬁgﬁﬁaﬂ,& A10

Q)

nmto about 280 nmin the case where
conponent (a) I $ substituted py t-le- 4-isoner of the diazo
napht hagui none syl fonyl noiety and] about 450 to 300 nmin the case of
the correspondi ng——5S-isaner The

exposed. portions of the filmare
and a positive image is thereafter

out the _exposed, portionsg of the fil musing an
set forth above, the light-sensitive novolac resin (a

comprises the product of reaction of a 2-diazo-1,2-
naphthoquinone 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 is one in
which the phenol component is predominantly a p-cresol.

t her eby rendered sol uble in alkal
devel oped by di ssol vin
-10-

The novolac resin 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 in 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 phencl and using as the
catalyst . an organic acid such as formic, oxalic,
propionic, succinie, maleic and like acids. The
formaldehyde is employed as an agueous solution and not

in the form of paraformaldehyde or trioxane.
In addition to the molecular welght and the nature

of the phenol component in the novolac fe;in 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 4important 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 1:1 to about 1:5 and preferably
should be of the order of about 1:2 to 1l:4. Thus, the
component (a) has a much higher proportion of diazo
naphthoquinone sulfonyl substituents on the novolac resin



‘al kal i ne developerf-HEP[AgﬁmEthSHEEnﬁ such devel opers are aqueous
sodi um or pot gs Si-+Hn———hydroxigde, sodi um net asi | i cat e, sodi um

orthophosphate, sodi um Qyﬁg@gﬁa phosphat e, 'tetranethyl ammoni um
hydr oxi de, chol i ne, n%“t ‘'t %. It is found that the i nages so produced

exhi bit excell ent co g sub-m cron . resol gkt ﬁﬂﬁ -
substantially vertijcal sidewalls. kgrt her, there nggggﬁhd ;ﬂﬁngs
.depl etion of phot or est+st—F+emthe—rexposed portions during the devel opnent

of the imge than has been encountered hitherto in the art. The devel opnent
OUL Ui NG Ay o - Lhe. dovel bper o, Conmmnt o By e e Ay R i
exanpl esgi I I%%ﬂ%?e ?%%cﬁ%%issi’éng{gc)&%%ﬁ?ar%gﬂo%‘ Easenty Antibn? 2hd showg
the best nodeh&noprefévrede movant arstiod oaf r ydiEpo wulifeeylnnedidento but
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 halide (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 acylation or alkylation of a
phenol. The reaction is conducted in the presence of a
solvent which is advantageously an inert organic sclwvent,
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 conventionally 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 agueocus sblution; alkall 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-ﬁethylpiperidiue, triethylamine,
N,N-dimethylethanolamine, N,N-diethylethanolamine and ‘the
like. The base is generally employed in at least a
stoichiometric amount, i.e.,. 1l mole per mole of sulfonyl
halide (1) 'but higher proportions can be employed if
desired. ' _ '
The reaction can be conducted at-ambient tempera-
i.e. of the order of about 20-25°C., but higher or
lower temperatures, i.e. from about 10°C up to

tures,

the



‘are not to be constrq&%

(27.8 nole) of p-cresq Lﬁi@ggm?ﬁg
20 g. of oxalic ac at ed
exothermnic reactionjc nﬁghdggf tih
95[err] C Stirrihg continue

anbi ent (circa 20[e'r]C.). The resultiing mxture was allowed to stand

~overni ght before bel rr].G .under reduced pressure (10
Torr) to renove water, unreacted p-cresol and |ower nolecular weight

50, 8- 1007 or r PRLLARE SRS, f 08 he TReIvERE efinlovad, B Gl T Ls M
per meat i on cldependingg tgﬁ gege Pﬁ)reaCKDOHadGSDIdeon of 180 3 0.
(1.5 hydroxyl equi V@lse”tt‘ﬁ)e Ofreta@QJ.BﬁVOb%céE&é”tHQt feRed; 88 QP&&&&PE‘&

the base and the hydrogen halide which is eliminated in

the reaction separates ocut from the reaction mixture as a

precipitate. Thus in the case of the use of alkali metal

hydroxides, carbonates, or alkoxides as

Exanple 1 (a) A m xture of 3000 g.
9.7 nole) of 37 ww fornmal dehyde and
ith stirring to 80[err]C An
tenperature reached a hi

until the tenperBﬁﬁhﬂéEHgNTSﬁéET

_ the base; the
correspending alkali metal halide will separate as a

precipitate but may redissolve into the aquecus 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 intoc a
large “‘ekcess of water. " The desired product is thereby
precigitated 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 1isolated can be purified, if desired, by recrystalli-
zation, reprecipitation or 1like conventional means. 1In
general it is found that such purification is unnecessary
provided the product is washed well with water after
isolation from the reaction mixture in the above manner.

The sulfonyl halide (I} employed in the above
reaction can be either the 4- or S-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
invention can be any of the novolac resins conven-
tionally employed in positive-acting photoresist com-
positions. A particularly preferred grodp of such resins
for wuse in the present invention comprises those derived

the



above in 600 m .
percent pure 2-diaz
The resulting m xture
nol es) of die thyleth

HEPLACEMENT SHEET | -
ﬁ—fwe*ane gdded 160.9 g. (0.56 nol es) of 94
ngne -11- 5-sulfonyl chloride.

qool ed while a total : 169
dgd.glLopwi se at a rat (ﬁ? gﬁﬂﬁﬂgi S}SﬁEeTB
tenperature of the rejction mxture did not exceed 25[err]C When t he
addition was conpl ete ! itirred for a further 30 m nutes

bef ore being mufa&d.l\yi t Brafmgomeasestilr r bag b%ﬁeﬁ@DC&Lpn@fcﬁ\la& enridturehi ch
had been -adde of r ydr el of bre ate so
formed was i ‘by f%ﬁgggl{& %E%g ts}l‘ied ﬁorﬁégh’% V\ﬂ'% %TCL Cj‘f)gtlt'\?

the filter am@mﬁasatuqmsa @ﬁcu&hﬁ odenenstion, 3fpeiuvding the pzﬁfeﬁmmis.
There was thygoyp, have average molecular weights in the range of

about 800 to about zo;ooo,anq-preferably from about 4,000
to 8,000.

WAS 6s‘:{]lrred gu
ot-arthe

The 1light-sensitive resin component (a) and the

non-light-sensitive noveolac 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 component {(a) in these com-

positions is significantly lower than the proportion (at

~least 1:1) called for by the aforesaid U.s.
4,141,733.

Patent
The lower proportion employed . in. tQ; present
invention is possible because of the much higher propor-
tion of the diazo sulfonyl substituents present in the
compenent (a) as discussed above. It is believed that it
is this combination of factors, l.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.

The compositions of the invention generally also
comprise a solvent or a mixture of sclvents.
or solvents

The solvent
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 méthylethylketcne,
methylisopropylketone, diethylketone,
cyclchexanone
as

. eyclopentancne,
and the like; chlorinated hydrocarbons such
trichloroethylene, 1,1,l-trichloroethane and the like;
glibhatic alcohols such as ethanol, n-propyl alcohol,



obtained a light-sensitive novolac resin in accordance with the invention

havi ng an average of napht hoqui none- 5-sul fonyl substituent
per 297 hydroxy? grop gﬁﬁiécﬁﬂgégﬁﬁﬁéTng novol ac resin. Exanple 2 Using the
procedure descri bed nple I, pdrtjs (a) and (b), ‘but replacing the

2-di azo-1, 2- napht hoq ,u 100e3 dlﬁlll“ffﬁny chl oride enployed i nRpRIACEMENTERD
equal anmount of 2-dipzo-1, napthoqLinone § sul fonyl chloride, there iIs
obtained a |ight-sengitive novolac resinTin~accordance with the invention.

Exanple 3 A positive| photoresist conpgsition in accordance with the
i nvention was p

proportlons ﬁﬁga&(aF?¥°§§?}X|ngbaﬁ§} #ighﬁﬂggﬁggﬂfngf 3 ; a{kphatic

23. 00 |ight eseesist i sachesas oh-buaghl ecétate 5. M¢hexyl acetate, cello-
solve acetate, ethyl lactate and the like; glycol ethers

such as ethylene glycol 'monomethyl ether,
glycol monomethyl ether

acetates, propionates

propylene
and esters therecf such as the
and the like; and aromatic hydro-
carbons such as toluene, xylene and the 1like;

and
aromatic ethers such as anisole.

A preferred group of
solvents are the aliphatic alcohols, aliphatic esters,
glycol ethén;.gstgrs and aromatic hydrocarbons and mix-
tures of two or more such solvents.
amount of '

In general, the
solvent ranges from about 35 percent tc about
85 percent by weight of the total compositien. .

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

The compesitions 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. Illustratively 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 Dby the 4-isomer of the diazo
naphthaguinone sulfonyl mociety and about 450 to 300 nm in
the case of the corrésponding S-isomer.
portions of the film are
alkali and a positive

The exposed
thereby rendered soluble in
image is thereafter developed by
dissolving out the exposed portions of the f£ilm using an



sur f act ant REPLACEMENT SHEET | 0.05 sol vent 2
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}2——FPO notes: 1: acid-catalysed
f:or mal dehyde/ m cresqgl / 6§eﬂgt @28p- d¢nsate. 2: mxture propyl ene
gl ycol nmononet hyl at hier™ acetat €,"" xyl ¢ne and butyl acet at P ﬁ@ @t“ﬂ HEEPf
t he above conpositian gilloi<con waf er by gﬁih % g and

the coated wafer wag baked at 110[err]C for

50 seconds. The average
t hi ckness of the re

t-t+mg—f+tmwas—4t"8 microns. The fil mwas then exposed

via a photdiasinehadenglopabm crbhlustrcmveyof such developers are
agueous sodium or potassium  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. Further, there |is

markedly 1less 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 formal&ehyde and 20 g. of
oxalic acid was heated with stirring to 80°C. An
exothermic reaction commenced and the temperature reached
a high of 95°C. 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
remove water, unreacted
weight oligomers. The

{10 Torr) to
p-cresocl and 1lower meolecular

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
equivalents) of the novolac resin obtained as described
above in 609 ml. of dioxane was added 160.9 g. (0.56
moles) of 94 percent pure 2-diazo-1,2-naphthoquinone

g. (1.5 hydroxyl



patterns to ultraviolget light in a broad band exposure node (300-436 nm

110 ml/cnR). The mmpgﬂb N gvel oped usi ng an aqueous al kal i ne
deVel oper (M--29 : C ,PﬁU$WF$ﬁ§ erbury, CT) for 2 mnutes at

21[err]C. The resist 0 dgced was scanned by el ectron
ed P@ Q&@‘Bﬂge | ¢nt contrast, high resolution and

m croscopy and obser
r ubstantially vertical (88 89 vperh ACEMIPET SHEET t he

sidewal I s whi ch
substrate surface). anple 4 A positiye photoresist conposition in

accordance with the i —%en*mas.pLeng§g as described in Exanple 3 but
replacing the light-sensitive resin of anple 1 by an equal anount of the
light-sensitive resin of Exanple 2, keeping all other conponents and
proportions unchanged. An aliquot of the above conposition was applied to a
silicon wafer by spin-coating and the coated wafer was

5-sulfonyl chloride. The resulting mixture was stirred
and cooled while a total.of 68.8 g. {0.359 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 vigorous stirring into 5000 g. of water to which had
.been added 50 g. of concentrated hydrochloric 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 light-sensitive 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.

—+

o

Example 2

Using the procedure described in Example 1, parts (a) and (b), but
replacing the 2-diazo-1,2-naphthoquinone-5-sulfonyl chloride employed in
part (b) by an equal amount of 2-diazo-1,2-napthoquinone-4-sulfonyl
chloride, there is obtained a light-sensitive novolac resin in accordance
with the invention.

Example 3
A positive photoresist composition in accordance

with the invention was prepared by admixing the following

components in the proporticns shown (all parts by

welight):
novolac resin 1 : 23.00
light-sensitive resin of Example 1: 6.00
surfactant ‘ : 0.05
solvent 2

: 70.95



resin;

conprising the prodgBsabe.reaction of a 2-diazo-1, 2- napht hoqui noné sul f onyl
hal i de

baked at 110[err] C. for 50 seconds. The papek
filmwas 1.8 mcrons. The filmwas th

exposure tool (250 m)/cnR) and the ingge el .ape

al kal i ne devel oper and conditions enploypgﬁ%nggiaﬁgge 3.
i mage was scanned by el ectron m crggscapy
wdth 0.6 mcrons with substantially
respect to. Fohénstbstrate surface).
conposition mh&gh 5o

Isi ng t he sane
RE&A%WNIHS}LEET

sensitive novolac resin: said conponent (a)

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
paked at 110°C. for 50 seconds. The average thickness of
the resulting f£ilm was 1.8 microns. The film was then
exposed via a photomask having submicron circuitry
patterns to ultravioclet 1light in a broad band exposure
mode (300-436 nm; 110 mJ/cm?). The exposed film was
developed using an agueous alkaline developer (MF-29 :
MacDermid, 1Inc., Waterbury, CT) for 2 minutes at 21°C.
The resist image so ~produé:ed was scanned by electron
microscopy and observed to have excellent coritrast, high
resolution and sidewalls which were substahtially
vertical (88-89° with respect to the substrate surface).

Example 4
A positive photoresist composition in accordance

with the invention was prepared as described in Example
'3 but replacing the light-sensitive resin of Example 1
by an equal amount of the light-sensitive resin of
Example "2, keeping
unchanged.
An

all other components and proportions

aliquot of the above composition was applied to
gilicon 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 £ilm was then
exposed imagewise using an I-line exposure tocol (250
mJ/cm2) and the image was developed using the same
alkaline developer and conditions employed in Example 3.
The resulting image was scanned by electron microscopy
and found to comprise lines of width 0.6 microns with

substantially vertical sidewalls (89-90° with respect to.
the substrate surface).

a

[ §s of the resulting
n expose hﬁhsgé&?se using an I-1line
i

and. found tojconprise |ines of
ertical sidewalls{(89-90[err] with
Clalns.l.--A-posi.tive photorasi st
Ld i 4y atiind W hydedn-2 reisehl/ psereisbilveonevol ac
and (b) "a non??iiﬁﬁﬁuy i Y
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and a novol ac obtai ned by the reac |WL6€FMQHBS¢‘|CEE0 and formal dehyde and
havi ng an average nol ecul ar wei ght}i irThe Tange—ofy gbout 500 to about 1500
usifng a ratio of noles of halide ppr hgdfd}ﬁﬂimgmp in said resin in the
range of about 1:1 to about 1:5, the{ratio by wei ght{ of conponent (a) to
conponent (b) being within the range of aboul I-Itq about 1:10. 2. A
phot or esi st conposition according fo claim31 wherei the REPLACEMENT SHEET
2-di azo- 1, 2- napht hoqui none sul fonyl halide TS Z-diazo~—____ _
1, 2- napht hoqui none- 4-sul fonyl chloride. 3. A photoresis osition
accord| ng to claiml wherein the 2-di azo-1, 2- napht hoqw b’ﬁ NE M'”'m | de
is 2-diazo- 1, 2-napht hoqui none-5-sul f onylL 1§h| ori de. ,
conposi tion according to any one of clains 1 to 3 mhereln sai n&vo Fac*
resin has an average no- |ecular weight in the range at about 700 to 1000.
5. A photoresigpngonposition according to any one of the preceding clains
wherein the ratio of noles of 2-diazo- 1, 2-naphthoqui none sul fonyl halide
per hydroxyl gr.oasiivaprcl@sisnamasigen whiesemprses inagmigulye r ange of about 1:2 to
about 1:4. 6. A photoresist conposition according to any one of the -
preceding cl ai ns \Aﬁéar"éﬂ"lff’: T4 ?a‘:°Y° c‘éf"l #i between said sul fonyl halide and said
novolac is carried ba"t°""gh's?"ﬁ'v°"°?'°esence of a base. 7. A photoresist

conposi tion accor di Nguidcompakbt &) %p&fng ihE\fodtt @ CREbAWa £diadd-11BnapMhbdiiiond buli€hy! halide
conprises a sol vent &daAovia el ihs ieact Np@Sirdsel 9 fo@raiodycel bnd Baviheen ele@pamoiécular
wherei n sai d sol vent wegt mmsdapovﬁ@@ﬂquﬂ‘é@“ﬁg@mﬂ%m?sgflwfhmwummr
acetate, xylene and E?Et'f&bygggg plghout 111 to abaul 1:5:

of camponent (a) 1o componant (b) baeing within the rangs of aout 1:1 te about 1:10.

2. Aphotorasist camposition according to claim 1 wherein the 2-diaze-1,2-naphthoquinona sulfonyl halide is 2-diazo-
1.2-naphmoquinone-4-suﬂo_r_|yl chlorida.

3. Aphoteresist composition according o claim 1 wherein the 2-diazo-1,2-naphthoquincne sulfonyl halide is 2-diazo-
1,2-naphthoquinone-S-sulfonyi chioride.

4. A photoresist composition according to any ané of claims 1 to 3 wharein said novolac resin has an average mo-
lecular weight in the range of about 700 to 1000,

8. A photoresist compasition accoding to any cna of the praceding claims wharain the ratio of moles of 2-diazc-
1.2-naphtheguinone sufonyl halida per hydroxy! group in the nevolac resin is in the range of about 1:2 to about 1:4.

6. Aphotorasist composition according to any one of the preceding ciaims wharein the reaction between said sulfony!
halide and said novolac is carried out in the presence of a basa,

7. A photores:sx composmon accordmg to any one of the pracedmg claims which also comprises a solvent

8 A photorasust composition acoordmg to clalm 7 wherein said soivent ccmpnses amixture of prcpylana glycol msthyl
ather acstate, xylane and butyl acetate.

9, A photorasist cemposition according to any one of the prageading claims wherein the combined amount of compo-
nents (a) and (b) in said composition is about 10 to about 50 percent by weight

10. A photoresist composition according to any cne of the preceding claims wharein the ratio by waight of component
(3) to component (b) is in the range of about 1:3 1o about 1:5.

11. A mathed of praparing a positive phatorasist imaga on a substrate which comprisas agplying to said substrate a
coating of a composition as claimed in any one of the preceding claims, expasing the coatmg imagewise to ultra-
viclat radtiation and davaloping thae positive image using an alkaline dsveloper.



9. A photoresist conposition accordi ™o _any one the preceding clains
wherei n the conbi ned anount of conp yg pafrdf (b) in said conposition
is about 10 to about 50 percent by REPLIREMEY a‘?_}g%lt‘gh)toresist conposi tion
according to any one of the precedirg céab554 ereip the ratio by wei ght of
conponent (a) to conponent (b) is tth Hgéof | apout 1:3 to about 1:5.
11. A nethod of preparing a positi|v ‘esi.st.{ mhge on ﬁEﬁH@QMﬁ&W@Hﬁﬁrch
conprises applying to said substrdte a coating of alconposition as clained
in any one of the preceding clai n8&—exposi-ng-the-coating i magew se to

ultra- violet radiation and devel oping the positive image using an al kaline
devel oper. - 14 -

LIGHT~-SENSITIVE NOVOLAC RESINS

ABSTRACT OF THE DISCLOSURE

Light-sensitive novolac resins and photoresist
compositions containing the same are described. The
light-sensitive novolac resins are derived by the
reaction of a cresol-formaldehyde novolac resin of low
molecular weight (500-1500) with a 2-diazo-1,2-
naphthoquinone-sulfonyl' halide. Positive-acting photo-
resist compositions containing these light-sensitive
resins in combination with a non-light-sensitive novolac
resin in a ratio by weight of 1:1 to 1:5 give rise, upon
imagewise exposure to light followed by development using
an alkaline deéeloper, to resist images exhibiting high

cdntrast, high sub-micron resolution and substantially
vertical sidewalls.



