NOVOLAK RESIN MIXTURES ¢
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Photoresist compositions are used in microlithography processes for
making miniaturized electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in these processes, a thin
coating of a film of a photoresist compositiori is first applied to a substrate
material, such as silicon wafers used for making integrated circuits. The
coated substrate is then baked to evaporate solvent in the photoresist
composition and to fix the coating onto the substrate. The baked coated
surface of the substrate is next subjected to an image-wise exposure to
radiation. '

This radiation eprsure causes a chemical transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV) light.
electron beam and X-ray radiant energy are radiation types commonly used
today in microlithographic processes. After this image-wise exposure, the
coated substrate is treated with a developer solution to dissolve and remove
either the radiation-exposed or the unexposed areas of the coated surface of
the substrate. '

Novolak resins are frequently used as a polymeric binder in liquid
photoresist formulations. These resins are typically produced by conducting a
condensation reaction between formaldehyde and one or more multi-
substituted phenols, in the presence of an acid catalyst, such as oxalic acid.
There are two types of photoresist compositions, negative-working and

-~ positive-working. When negative-working photoresist compositions are
| exposed image-wise to radiation, the areas of the resist compaosition exposed
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exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.qg.

a rearrangement reaction occurs) while those areas not exposed remain
relatively insoluble to the developer solution. 'Thus, treatment of an eprsed
positive-working photoresist with the developer causes removal of the exposed
areas of the coating and the creation of a positive image in the photoresist
coating. Again, a desired portion of the underying substrate surface is
uncovered.

After this development 6peration. the now partially unprotected
substrate may be treated with a substrate-etchant solution or plasma gases
and the like. The etchant solution or plasma gases etch that portion of the
substrate where the photoresist coating was removed during development.
The areas of the substrate where the photoresist coating still remains are
protected and, thus, an etched pattern is created in the substrate material
which corresponds to the photomask used for the image-wise exposure to the
radiation. Later, the remaining areas of the photoresist coating may be
removed during a stripping operation, leaving a clean etched substrate
surface. In some instances, it is desirable to heat treat the remaining
photoresist layer, aﬂef the development step and before the etching step, to
increase its adhesion to the underying substrate and its resistance to eiching
solutions.

Positive working photoresist compositions are currently favored over
negative working resists because the former generally have better resolution
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SUMMARY OF THE INVENTION

The prior art discloses mixtures of two novolak resins with the same
composition, but with different molecular weights. Because the molecular
weight distribution in these resins consists of two different sub-distributions of
molecular weight, such resins have been characterized as bimodal.

The present invention relates to the surprising discovery that an,
improved novolak resin for use in photoresist compositions is obtained by
utilizing a mixture of resins having similar molecular weights and similar
molecular weight distributions, but each having a different dissolution rate.
Although there is no known method for measuring dissolution rate distribution
in a manner which is analogous to molecular weight distribution, the resins of
the present invention may be characterized as Bimodal Dissolution Rate
(BDR) resins. BDR resins are defined as resins having the following
characteristics: S
| a) a film forming resins useful for photoresist compositions;

b) comprising a mixture of at least two resins, with the same or
different chemical composition, for which the molecular weight distribution of
the two component resins, normalized to the same area, show an overiap of at
least fifty percent (50%), preferably 60-100%, more preferably 70-95%, and for
which the dissolution rates of the two component resins differ by a factor of at
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The mixture of phenolic monomer(s)/formaldehyde resins enables one'
to formulate photoresist compositions which display improved, or at least
equivalent, thermal stability when compared to a photoresist composition
formulated using only the component resin having the higher thermal stability.
Such photoresist compositions display improved thermal stability when
compared to a photoresist composition formulated using the component resin
having the lower thermal stability.

Such photoresist compositions also provide semiconductor devices
having a very good pattern profile, a low degree of scumming, no standing
wave and very good depth of focus. They also provide a wide process
window when producing semi-conductor devices.

The subject invention proVides a water ihsoluble, aqueous alkali soluble
film forming novolak resin which can be used t6 form a substantially uniform
photoresist composition, the novolak resin comprising a mixture of at least two
novolak resins, with the same or different chemical composition, for which the
.molecular weight distribution of the component resins, normalized to the same
area, show an overlap of at least fifty percent (50%) and for which the
dissolution rates of the component resins differ by a factor of at least 2.0.

The present invention provides a process for formulating a water
insoluble, aqueous alkali soluble film forming novolak resin which is useful for
providing a substantially uniform photoresist composition, by mixing at least
two novolak resins, with the same or different chemical composition, for which
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pattern is caeaSiatiary, bhguineris tiazidesnareenelknown to the skilled artisan as
demonstrated by "Light Sensitive Systems”, Kosar, J.; John Wiley & Sons,
New York, 1965 Chapter 7.4. These resins are typically produced by
conducting a condensation reaction between formaldehyde and one or- more
multi-substituted pheriols, in the presence of an acid catalyst, such as oxalic
acid.
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Suitable multi-substituted phenols are well known in the prior art and
include meta-cresol, para-cresol, 3,5-xylenol and 3,5-dimethyiphenol.

The sensitizer which comprises a component of photoresist
compositions may be an ester of a multihydroxy phenalic or aicoholic
compound, such as a tris-hydroxyphenylethane or a hydroxybenzophenone,
and a sulfonic acid or sulfonic acid derivative such as a sulfonyl chloride, such
as described in U.S. Patents 3.106,465 and 4,719,167, which are incorporated
herein by reference. _

in a more preferred embodlment the photosensmzer is a polyhydroxy-
substituted aromatic compound of formula‘l, or a mixture of compounds of
formula |.
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whi ch corresponds to the phot omask
radi ation. Later, the renmaining are t he photoresi st coating may be
renoved during a stripping operation, Lng ¢OE)ean etched substrate
surface. In some instances, it is_desjrak 0 heat treat the renaining
phot oresi st |ayer, after the deveﬁop and before the etching step,
to increase its adhesion to the undeg PRt rate and its resistance to
et ching solutions. Positive worki ng/ngyoresi st conpositions are currently
favored over negative working resis g!brcause the former generally have
better resolution capabilities and psaiXern transfer characteristics.

Phot oresi st resolution is defined as th¢Osiml | ekt feature which the resist
conposition can transfer from

for the i mage-w se exposure to the

where |, m and n are numbers in the range of 0 to 3 inclusive;
and where, if n > 0, R = hydrogen, alkyl (e.g. C, to C, alkyl), aryl (e.g. phenyl,
naphthyl) or alkylaryl (e.g. C, to C, alkyl substituted pheny! or naphthyl);
and where, if n = 0, R = hydrogen, alkyl (e.g. C, to C, alkyl), hydroxyaryl (e.g.
phenyl, naphthyl), preferably monohydroxyaryl, most preferably 4-
hydroxyphenyl), alkylaryl (é.g. C, to C; alkylphenyl or alkylnaphthyl), preferably
hydroxysubstituted and bound to the aromatic ring by a methylene, a 1-
ethylidene or 2-isopropylidene bridge, most preferably 4-hydroxyphényl-2-
isopropylidene, -1-ethylidene or -methylene;
and where R' is hydrogen, alkyl (e.g. C, to C, alkyl), or cycloalkyl (e.g. C, to
C, cyclo, C, to C, alkyt). |

The photoresist composition is formed by blending the ingredients ina
suitable solvent. Generally, the amount of novolak resin in the photoresist
preferably ranges from 70% to about 90% and more preferably from about
75% to about 85% based on the weight of the solid; i.e., non-solvent
photoresist components. The photosensitizer is generally present in the
photoresist in an amount of from about 10% to about 30% preferably from
about 15% to about 25%, based on the weight of the solids photoresist
components.

Suitable solvents for such photoresists may include propylene glycol

mono-alkyl ether, propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-
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and such surfactants as non-ionic surfactants may be added to the solution of

novolak resin, sensitizer and solvent before the photoresist composition is

coated onto a substrate.

The skilled artisan will know that dyes are often selected which absorb
strongly at a wavelength corresponding to the wavelength of light used in one
or more lithographic process steps, and particularly corresponding to the
wavelength of the exposing radiation.

Examples of dye additives that may be used together with the
photoresist compositions of the present invention include Methy! Violet 2B (C.lI.
No. 42535), Crystal Violet (C.l. 42555), Malachite Green (C.1. No. 42000),
Victoria Blue B (C.l. No. 44045), Neutral Red (C.I. No. 50040), Sudan Orange
(C.1. 11920), Curcumin (C.A.S. Reg. No. 458-37-7), Coumarin 1 (C.A.S. Regq.
No. 91-44-1), Coumarin 7 (C.A.S. Reg. No. 27425-55-4), Coumarin 314
(C.A.S. Reg. No. 55804-66-5), Disperse Yellow 9 (C.l. 10375), Alizarin Yellow
GG (C.l. 14025), Alizarin Yellow R (C.l. 14030), Basic Yeilow 1 (C.l. 49005
and 3,3'-carbonylbis (7-diethylaminocoumarin) (C.A.S. Reg. No. 63226-13-1) at
one to ten percent weight levels, based on the combined weight of novolak
and sensitizer. The dye additives help pro'vidé increased resolution by
inhibiting béck scattering of light off the substrate. |

Anti-striation agents may be used at up to about a five percent weight
level, based on the combined weight of film forming resin and sensitizer.
Plasticizers which may be used include, for example, phosphoric acid tri- (beta-
chloroethyl)-ester; stearic écid; dicamphor; acetal resins; phenoicy resins; and
alkyl resins, at about one to ten percent weight levels, based on the combined

weight of film forming resin and sensitizer. The plasticizer additives improve
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example, bicric acid, nicotinic acid or nitrocinnamic acid up to about a 20
percent weight level: —based on the combined weight of film forming resin and
sensitizer. These enhancers tend to increase the solubility of the photoresist
coating in both the exposed and unexposed areas, and thus they are used in
applications when speed of development is the overriding consideration even
though some degree of contrast may bé sacrificed; i.e., while the exposed
areas of the photoresist coating will be dissolved more quickly by the
developer, the speed enhances will also cause a larger loss of 'photoresist
coating from the unexposed areas.

The solvents may be present in the averall compaosition in an amount of
up to 95% by weight of the photoresist composition. Solvents, of course are
substantially removed after coating of the photoresist solution on a substrate
and drying. .

The prepared photoresist composition solution, can be applied to a
substrate by any conventional method used in the photoresist an, including
dipping, spraying, whirling and spin coating. When spin coating, for example,
the resist solution can be adjusted with respect'to the percentage of solids
content, in order to provide a coating of the desired thickness, given the type -
of spinning equipment utilized and the amount of time allowed for the spinning
process. Suitable substrates include silicon, aluminum, polymeric resins,
silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other
such Group lII/V compounds.
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such as one containing hexa-alkyl disilazane.

The photoresist composition solution is then coated onto the substrate,
and the substrate is treated at a temperature from about 70°C to about 120°C
for from about 30 seconds to about 180 seconds on a hot plate or for from
about 15 to about 90 minutes in a convection oven (Soft Bake). This
temperature treatment is selected in order to reduce the concentration of
residual solvents in the photoresist, while not causing substantial thermal
degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted
until substantially all of the solvents have evaporated and a thin coating of
photoresist composition, on the order of one micron in thickness, remains on
the substrate. In a preferred embodiment the treatment temperature is from
about 90°C to about 120°C. The treatment is conducted until the rate of
change of solvent removal becomes relatively insignificant. The temperature
and time selection depends on the photoresist properties desired by the user,
as well as the equipment used and commercially desired coating times. The
coating substrate can then be exposed to"actinic radiation, e.g., uitraviolet
radiation, at a wavelength' of from about 300 nm to about 450 nm, x-ray,
electron beam, ion beam or laser radiation, in any desired pattern, produced
by use of suitable masks, negatives, stencils, templates, etc.

The photoresist is then optionally subjected to a post exposure second

| baking or heat treatment (PEB) either before or after development. The
heating temperatures may range from about 80°C to about 120°C, more
preferably from about 30°C to about 120°C. The heating may be conducted
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agitated, for example, by nitrogen burst agitation. The substrates are allowed
to remain in the developer until all, or substantially all, of the photoresist
coating has dissolved from the exposed areas.- Developers may include
aqueous solutions of ammonium or alkali metal hydroxides. One preferred
hydroxide is tetramethyl ammonium hydroxide. After removal of the coated
wafers from the developing solution, one may conduct an optional post-
development heat treatment or bake to increase the coating's adhesion and
chemical resistance to etching solutions and other substances. The post-
development heat treatment can comprise the oven baking of the coating and -
substrate below the coating's softening point. In industrial applications,
particularly in the manutacture of microcircuitry units on silicon/silicon dioxide-
type substrates, the developed substrates may be treated with a buffered,
hydrofluoric acid base etching solution. The photoresist compositions of the
present invention are resistant to acid-base etching solutions and provide
effective protection for the unexposed photoresist-coating areas of the
substrate. |
The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compos'itiorisbf the present invention.
These examples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions,
parameters or values which must be utilized exclusively in order to practice
the present invention.
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Synthesis of Novolak Resin using m-cresol and 3.5-xylenol (6.23:3 Ratig):
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for mal dehy demefiy) 2tnét (BFEME solvent and 0.625 grams oxalic acid (about 0.25% by
weight of total phenols). The flask was heated slowly from room temperature
using a heating mantle controlled by a thermo-watch. The contents of the
flask were gently stirred. The reaction contents were heated to 95°C and
when the temperature was stablized at 95°C, 126 grams (37.28%)

formaldehyde solution was added by dropping funnel over a period of 90
minutes. The cresol:formaldehyde ratio was 1:0.7. The condensation was
then carried out at 95°C for six hours. After condensation at 95°C, the
distillation was carried out at atmospheric pressure to remove water. The
temperature was increased up to 200°C and excess cresol and solvent were
removed under vaccum (35 mm Hg) at a temperature from 200 to 220°C. The
vaccum wés released at 220°C and the molten resin was poured into an
aluminum pan. The resin obtained had a viscosity of 10.7 (7.0% solution in
Cyclohexanone), a Glass transition Temperature (Tg = 105°C), Dissolution
Rate = 1.8 to 2.7 microns/minute using 2.38% Tetra Methyl Ammonium
Hydroxide (TMAH) AZ300 MIF develaper, a relative molecular weight (RMW)
of about 10 and a GPC Molecular Weight Distribution as shown in FIG. 1.
FIG. 1 is a graph showing the GPC molecular weight distribution for the

novolak resin of Example 1. The graph shows the Peak Intensity plotted as a
function of the time in minutes.

Example 2
f Nov i ing m-cr -
Into a 500 mi. four necked flask equipped with a thermometer, stirring shaft,
condenser and a dropping funnel were added 115.35 grams (1.0667 moles)
meta-cresol, 43.6 grams (0.35699 moles) 3.5-Xylenol, 76.13 grams diglyme
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sen conductwas inereased to 200°C and excess cresol and solvent were removed under
vaccum (35 mm Hg) at a temperature from 200 to 220°C. The vaccum was
released at 220°C and the molten resin was poured into an aluminum pan.
The resin obtained had a viscosity of 8.4 (7.0% solution in Cyclohexandne),.a
Glass transition Temperaturg (Tg = 92°C), a Dissolution Rate = 6.0 °
microns/minute using AZ 300 MIF developer, an RMW of about 10 and a GPC
Molecular Weight Distribution as shown in FIG. 2.
FIG. 2 is a graph showing the GPC molecular weight distribution for the
novolak resin of Example 2. The graph shows the Peak Intensity plotted as a
function of the time in minutes.

Example 3

ing m- -
Into a two liter four necked flask equipped with a thermometer, stirring shaft,
condenser and a dropping funnel were added 162.12 grams (1.5 moles) meta-
cresol, 88.08 grams (0.722 moles) 3,5-Xylenol, 170 grams DPGME solvent
and 0.625 grams oxalic acid (0.25% by weight of total phenols). The flask
was heated slowly from room temperature using a heating mantle controlled
.b'y a thermo-watch. The content—s of the flask were gently stirred. The
reaction contents were heated to 95°C. When the temperature was stablized
at 95°C, 121.6 grams (37.28%) formaldehyde solution was added by dropping
funnel over a period of 80 minutes. The condensation was then carried out at
95°C for six hours. After condensation at 95°C, the distillation was carried out
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novolak resin of Example 3. The graph shows the Peak Intensity' plotted as a
function of the time in minutes. Based on FIG. 1, 2, and 3: 1) a combination
of the novolak resins of Examples 1 and 2 had an overlap of molecdlar weight
distribution.of greater than about ninety percent (90%) and 2) a combination of
the novolak resins of Examples 1 and 3 had an overlap of molecular weight
distribution of greater than about eighty five percent (85%).

Example ¢4
Photoresist compositions were produced by adding to a 500 mi. flask: 4.5
grams of 70% L-sulfonyl chloride/30% F-sulfonyi chloride (70L/30F)
trihnydroxyphenylethane photosensitizer (18% by weight of the solids), 75
‘ grams of PGMEA solvent and the following amounts of the novoalk resins of
Examples 1 and 2. The mixtures were stirred at room temperature to form
photoresist solutions (all percentages are by weight of solids):

Example 1 Novolak Example 2 Novolak
A) 20500 gm. (82%) @ -

B) - 15.375 gm. (61.5%) 5.125 gm. (20.5%)
C)  10.250 gm. (41%) 10.250 gm. (41%)
D)  5.125 gm. (20.5%) 15.375 gm. (61.5%)

E) 20.500 gm. (82%)
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Pref erred Enbodi ment's
An 11 x 21 focus/exposure matrix is used to print a pattern on the resist film.

The exposed wafer were post exposure baked (PEB) at 110°C for 60 seconds
on a hot plate. The resists were subsequently spray-puddie developed for 45
seconds at 23.5°C, using TMAH AZ300 MIF developer (available from Hoechst
Celanese Corporation, Somerville, New Jersey). The developed resist pattern
were examined by a Hitachi S-4000 field emission scanning electron
microscope. The lithographic results of the samples are presented in the table

below where: .
E ominal = minimum dose (millijoules/cm.?) required to replicate 1:1
. the various feature sizes on the reticle

Resolution = smallest feature size (microns) opened with an
acceptable pattern profile (pattern edge acuity > 80°)

Depth of focus = the extend of defocus (microns) of the optical exposure
system where the resist is able to maintain an acceptable
pattern profile and within + 10% of the critical dimension
(CD) at the E omna

Scum = resist residue left at the exposed areas after

development.
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Sample A doesn't possess the process window needed to achieve the optimal
thermal flow temperature, exposure latitude, depth of focus or E ina

=

Example 5

Photoresist compositions were produced by adding to a 500 ml. flask: 50
grams of 70L/30F trihydroxyphenylethane photosensitizer (20% by weight of
the solids), 75 grams of PGMEA solvent and the following amounts of the
novolak resins of Examples 1 and 2. The mixtures were stirred at room
temperature to form photofesist solutions (all 'percentages are by weight of
solids). '

Example 1 Novolak =~ Example 2 Novolak

A)  20.00 gm. (80%) 0.00 gm. (0%)
B)  18.00 gm. (72%) 2.00 gm. (8%)
C)  16.00 gm. (64%) 4.00 gm. (16%)
D)  14.00 gm. (56%) 6.00 gm. (24%)
E)  12.00 gm. (48%) 8.00 gm. (32%)
F) 10.00 gm. (40%) 10.00 gm. (40%)



conditions described in Example 4, except the resist thickness used was 1.185
It | ' t of phot | St osi tions may
be an st or - dimsEihe BR8P RRRP 18Pectlustofiedl w31 85 B dkCas
tris-hydr oxymﬁgyl et hane or anmmﬁmyduy@zmhmcmangﬁ%i é%{sd)@sgo%ij% or

sul fonic acid derivative such as a sul fonyl chloride, ~described in
U S. Patents 3,106, 465 and 4hpirgsistat therexpesad-areacipon ddveloping, typitallytise

phot osensiti zer is a polyhy - tetuted aromati c conpound of fornula
|, or a mxture of conpoundgﬁ%ﬁqnoﬁﬁ?aé@@m

Exposure Latitude = percentage range of the exposure dose tolerated by the
resist to print the pattern of a given feature size within +
10% of its Critical Dimension

DOF (0.5 ym) = depth of focus (microns) for 0.5 um feature size,
determined by the method described in Example 4
Thermal Flow Temperature = lowest temperature (°C) at which the resist

pattern start to flow or deform
The results (see FIGS. 4 to 8 contour plots) clearly showed the benefit of
using a novolak resin system comprising resin component with Bimodal
Dissolution Rate, such as by blending various proportion of Example 2 novolak
with the Exam'ple 1 novolak.

FIG. 4 is a contour plot of E,,. of the photoresist of Example 5 at Post
Exposure (P.E.) Bake Temperatures from 95°C to 110°C. The plot shows
E.omina decreased (i.e., photoresist photosensitivity increased) as the PEB
temperatures decreased or the concentration of Example 2 novolak increased
from 0% to 50% by weight. It also clearly showed using Example 1 novolak
alone would not offer low E, ..., €ven at a lower PEB temperature, which was
found fo give a lower thermal flow temperature.

FIG. 5 is a contour plot of Exposure (Expo.) Latitude of the Example 5
photoresists at PEB temperatures from 95°C to 110°C. This plot shows the
exposure latitude increased as the Example 2 novolak content increased. The
optimal exposure latitude is not achievable using 100% Example 1 novolak
regardless of the PEB temperature used.



pattern usmg the photoresists of Example 5 at PEB temgeratures from 95°C to
-7- Lerr] mhe n.are nunbers in the range of I ncl usi ve;

and where, 1ﬁ09 0 ‘“Ci@f BOrlignRfe3pme Bxample. ?gnowlals in therasin affeged theabgst
(e.qg. phenyl hthyl) or alkylaryl (e.g. (Jerr] to (Jerr] alkyl
substituted phenyl or naphthyl); and where, if n = 0, R = hydrogen, alkyl
(e.g. (Jerr] to C[err] al kyl'), hydroxyaryl (e.g. phenyl, naphthyl),

(e o Clerr] B3 &8 mccatRys BREAy Buar 0 ?n%'ypraésré‘%é’x{q"fx PSRl pacing'a ™

iyl dene. or "5 FEK 8 et 01, 30% 15/ ARRirh or 1he S0l f (78 MR By - -

i sopropyl i deneQmesmpnyatlFEEBéemperatBtég/fren'e95°C to 110°C and soft bake (S8, i.e.
pre-expsoure bake temperatures of 80°C to 120°C. The development time
was 52 seconds using AZ 300 MIF developer. E,,,, increased as the SB and
PEB temperatures increased.

FIG. 8 is a contour plot of the thermal flow temperature of the photoresist of
Example § having a novolak resin content of 80% by weight of the 'solids in
the photbresist composition at PEB temperatures from 95°C to 110°C and SB
temperatures of 80°C to 120°C. The development time was 52 seconds using
AZ 300 MIF developer. As cléarly shown in this plot; higher SB and PEB
temperatures increased the pattern thermal flow temperature of the subject
photoresist.
Example 6

Photoresist compositions were produced by adding to a 500 ml. flask: 5.0
grams of 70L/30F trihydroxyphenylethane photosensitizer (18% by weight of

. the solids), 75 grams of PGMEA solvent and thé following amounts of the
novolak resins of Examples 1 and 2. The mixtures were stirred at room

temperature to form photoresist solutions (all percentages are by weight of
solids).



20.00 gm. (82%) 0.00 gm. (0%)
and where R hy en l.(e.q. o Jer al kyl'), or cycl oal kyl
(e.g. C to fﬁrr]%@glw a%gl/‘] to C[%?‘% k@r%kk) The phot or esi st
conposi tion |§)for11@90tqub 6816%)9 the |4ﬁg@% qr1354% a suitable solvent.
General |y, the ampunt of novolak resin in the photoresist preferably ranges

from70%to D)90%4R8 gmr Ehé%)er abl y & .00 gnT.5RAL66) 85% based on the

wei ght of the ol i ol vent tore onponents. The
phot osensi ti z %gheﬁgi ‘{y)g/‘gsent r?oélﬁ h@?ﬁqégl st in an anount of
from about 10t o v@ggtq,ﬁOQAp}oyf er abl ymlogrgrﬁb(mt%)lS% to about 25% based

on the weight of the solids photoresist conponents. Suitable solvents for
such photoresists may include propyl ene glycol

The photoresist samples of Example 6 were processed using the same
conditions described in Example 4, except the resist thickness used was 1.185
pm and the post exposure bake temperatures used were 95°C to 110°C.

FIG. 9 is a contour plot of the Expo. Latitude of the photoresists of Example 6
at PEB temperatures from 95°C to 110°C. The plot showed the same trend as
those seen in FIG. 5 for Example 5. Incorporation of some of the Example 2
novolak improved the expo. latitude. Resists in this example contained lower
sensitizer concentration, as cdmpared to those resists in Example 5.

FIG. 10 is a contour plot of the DOF of a 0.5y photoresist pattern using the
photoresists of Example 6. Similar to the results found in Example 5, DOF
improved with the incorporation of some of the Example 2 novolak. '

Example 7
Photoresist compositions were produced by adding to a 500 ml. flask: various
amount of 70L/30F trihydroxyphenylethaane photosensitizer (20%, 19%, 18%
by weight of solid), 75 grams of PGMEA solvent and the following amounts of
the novolak resins of éxample 1, 2 and 3. The mixtures were stirred at room -
temperature to form photoresist solutions (all percentages are by weight of
solids) |

This Sheet Has Bee en R

TN



Novolak Novolak I k g olak : PA
nono- al kyl et her propyl ene gl ycoI /z . 9. nethyl) er acetate,
et hyl - 3- B 20 &&Q/{y) opi on& @m @c° VI |%@na(@%) m xti:ges(&ﬁ%)

et hyl - 3- et hox r te and et tate acet | ene, diglyne,
et hyl ene glyc%f (bo{gaﬁfhyl et her%éaé‘?? h%??;%iferredaig%%é’ ts are
propyl ene gl yCpl 10r¢40ns) et her a(oe(m)a (PGIVEe)(4ev,(g et hyls ga@%poxypr opi onat e

(EEP). Other @ tlonal | ngredi ents such as colorants, dyes, anti-striation
agents, |evel Phgl@&dEnt40-5H)ast | (9 (93@; ath35¢0-8%kbrot 6435 (3%dd enhancers,
sol vents E) 10.25 (41%) 0 (0%) 10.25 (41%) 4.5 (18%)

Lithographic Performance of the Resist ll

Sample E(nominal) Resolution(y) DOF(0.5y) Scum“

240 mJ/em? 0.35 1.4 ym no

160 0.35 - 1.4 um yes

I A
B
C 190 0.35 1.4 ym no
D 160 : 0.35 1.4 ym no
ll E 170 0.40 1.4 ym no
I W

The viscosity solution was prepared by dissolving 7 grams of novolak resin
in a 100 ml. volumetric flask, using cyclohexanone solvent. The solution was
filtered using a 5 micron pressure syringe filter. The viscosity was measured
using a Cannon-fenske #200 viscometer at 25°C. The relative molecular
weight (RMW) was determined using the following equation:

Mrel=| 1/Clog

eet Has Been Replaced
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n = viscosity of resin in cyclohexanone
and such surfact ants as_n on| rfact ants may be added to the solution
of novol ak resi nM0SeHSFPF! e? %)f%&l%‘l before the photoresi st conposition
is coated onto a substrate. The ski IIed artisan will know that dyes are
often sel ected which absorb strongly at a wavel ength corresponding to the
wavel engt h ofRiE$qit afe ivieggusementior e | it hogr aphi ¢ process steps, and
particularly corr ond| ng to the wavel ength of the exposing radiation.
Exanpl es of M&%es that may be used together with the photoresist

conposi tions of [i8soipé 2Bk redin \soNls ah PGMEAdeF !
42535), Crystal \lfgol e? (C. I? l42555) Mal achi téh%ggé\u%a &2 'ﬁﬁ cﬁé;o()doabw

Vi ctoria Bl udAaodiscifiteNo. 44045), Neutral Red (C.|I. . 50040) Sudan
Orange Beference Standards:
S-Resin Stock #D9922A produced by Hoechst Celanese Corporation
(supplied in PGMEA solvent).
1. Each sample was coated on a 4 inch silicon wafer, at the appropriate

speed, on an SVG coat-development track system, then baked on a hot
plate for 60 seconds at 90°C, to obtain a 1.29 ym film.

2. The film thickness was determined on an Autonanospec (NANOMETRICS,
model 218§), an automated film thickness measurement system, measuring
10 points across the entire wafer.

3. The Dissolution Rate was determined by measuring the film thickness
changé with time using a laser end-point detection systemconsists of a
He-Ne laser (634 nm, 3 mW, ORIEL CORP., Model 79202) and a
photodiode. The development was performed at 23°C using AZ300 MIF
TMAH developer and the dissolution rate was calculétéd by the equation
at = NM2n ' '
where A is the wavelength of the laser, n is the index of reflection of the
film material at that wavelength and at is the change in thickness that
occurs in the time span between maxima (or minima) interference of the
film during the dissolution process.

Molecular Weight Data (Mw and Ma):

The molecular weight of the polymers, whether weight average molecular
weight Mw, or number average molecular weight Mn, were measured by gel



polymer in tetrahydrofuran (THF). The actual apparatus employed consnsted
(C. 1. 11920), ,Curcum n No. 458-37- 7? Coumarin 1 (C. A S. Reg.

No. 91-44-1) 0f @oW?é?fSn('\&‘"'Pef%CQfP EGOgTRTIMabi2 autgmaly SamIERVasUSTUPYmPA. S.

R No. 558 Y |1 GG
(ggl 14025) %B?rﬁ graﬁﬁj PPl ?’kh%aiz{égf}? éa%@a‘\?e'ﬂagé&?}%g’e 49005
and 3, 3[ err] -coanboted toi & Shimddeza IOR 30Armwaueﬂm¢trt)n é)@témSmtIR%coMpanym
63226-13-1) at ,one to ten ;i)erc nt wei | evel s, based on the conbine

wei ght of nowPoftare Aversians o maq*Fl‘é%éQeN%dm\{ P33Q1309-81br dPRde i ncreased
resol ution b¥efr§&bmétbf‘gs@ 3 lasSs JhtRrs Hoddi ah0YHd Rl dh pert%?%ﬁ'@ée "

Anti-striation agents euse at up to abo
| evel , based columns, mnmgsuomn@no /lu‘igs‘tndmn TR 000 Angstoim aaddi 00000 t i zer .
ric acid

F lna?fj'etc ;zer S A%ds?r%m”?gvaﬁ@byesﬁgrﬂ altgr% ’wefr(e) rco%gg@ldeih sper}i%ssp he system was
calibrated using multiple available polystyrene standards ranging in molecular
weight as follows: '

GPC CALIBRATION
Calibration Standard (Polystyrene)  Mol, Wt,
~ 470,000
170,000
68,000
34,500
9,200
3,200
1,250

N O b W -

The standards are essentially monodisperse, consisting substantially of a
single molecular weight. With the system thus calibrated the weight average
molecular weight (Mw), the number average molecular weight (Mn), and
polydispersity (Mw/Mn), were obtained for polymers produced in accordance
with the Examples.

Glass Transition T ture (Tq):

Glass transition temperatures (Tg) were determined by differential
scanning calorimetry using a Perkin Elmer DSC-4 calorimeter operating at
20°C/minute, nitrogen atmosphere at 60cc/minute. Glass transition



tangent lines about the point of first mﬂectlon of the heatm% curve of the
chl oroet hyl )-ester; stearic acid; dicanphor; acetal resin phenoxy resins;

and al kyl redmﬂw“e&t about one to ten percent wei ght Ievels based on the
conbi ned weight of filmformng resin and sensitizer. The plasticizer

addi tives inprove -9- the coating properties of the material and enable
the application of a filmthat is smooth and of uniformthickness to the
substrate. Adhesion pronoters which nmay be used include, for exanple,

bet a- (3, 4- epoxy- cycl ohexyl)-ethyltri met hoxysil ane;

p- met hyl - di si | ane- net hyl net hacryl at e;



vinyl trichl ogosi,l ane; . -am nQ-pr.opyl triethoxysilane up to about a
4 percent yveﬁghf‘ wa@gﬂﬁ%ﬂ_ﬁ@%Hgﬁ‘tﬁ%g@@tﬁ%&#Mﬂm g rfqvio%klfgerﬁlﬁng resin
and sensiti Z@émpﬁ@iﬁg' & PiiR{Ure T € de £ WBARIVDIdKRisin® WwiltetheS€dnb ! difiérent OF

exanple, picric acid, nicotinic acid or nitrocinnamc acid up to about a 20

percent wei ghbiemisabicompesiions for whichahBi mel@culsir yraightr distributiporofithe r esi n

phot or oai st - ComPPRERT e I Fhiiz6R da 00k SAETCARR, SUGw % BRneA k& AT, hey
are used in fifgplpeecdrit(Be%W) e fpadtchithel dissbhpivhvatdsSof the MPpohEHt@sins
consi deration _even though sone degree of contrast nmay be sacrificed; i.e.

g
whi | e the expiieadya2 éactonpt ahleasheiQr esi st coating will be di ssol ved nore
qui ckly by the devel oper, the speed enhances will also cause a |arger |oss
of phot oresi st

2. The novolak resin mixture of claim 1 wherein the novolak resins show an

overlap in molecular weight distribution of 60 to 100 percent.

3. The novolak resin mixture of claim 1 wherein the novolak resins show an
overlap in molecular weight distribution of 70 to 95 percent.

4. The novolak resin mixture of claim 1 wherein the novolak resins have
dissolution rates which differ by a factor of 2.0 to about 6.0.

7. The novolak resin mixture of claim 1 wherein the novolak resins are each
the reaction product of formaldehyde and one or more multi-substituted
phenols. '

6. A process for formulating a water insoluble, aqueous alkali soluble film
forming novolak resin by mixing at least two novolak resins, with the same or
different chemical composition, for which the molecular weight distribution of
the component resins, normalized to the same area, show an overlap of at
least fifty percent (50%) and for which the dissolution rates of the component
resins differ by a factor of at least 2.0.

7. The process ot claim 6 wherein the novolak resins show an overap in

molecular weight distribution of 60 to 100 percent. This Sheet Has Been Replaced.
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molecular weight distribution of 70 to 95 percent.
coating fromthe unexposed areas. The solvents nmay be present in the
overall conposition in an anount of up to 95% by wei ght of the photoresist
conposi tion. ol : r. coating of
he phot or osi St oo pocss I UaRT e SRt BicRbldiak YodifiHAGE diedofficiRtes
phot or esi st oehipbddiffénby sofactdramf,2.0 a0 dbeut . i ed to a substrate by any
conventional nethod used in the photoresist art, including dipping,
spraying, whirling and spin coating. \Wen spin coating, for exanple, the
resist soluti ﬂf‘ iy 8?5‘09%@' d15di&th kaﬁ'erreﬁ??@ﬁo‘hgaﬁ ?@snﬁ@ aﬁ@'& 2H%h8red@ldrdS
.content, in order t rovide a coating of the desire ness, given the
type of spi nrpragueaf Mmaid&mndlelanzdjoaemrtmeraamuhsubﬂtltmtedepmnodmed for the
Spi nni ng
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process. Suitable substrates include silicon, alumnum polyneric resins,
silicon dioxide,_doped silicon dioxi silicon nitride, tantalum copper,

i de,
pol ysi | i con, cerdifl B&sest tﬂﬁeﬁ‘ﬂﬁf‘cﬂfﬁb‘gﬁs Rrixture of at deastitwm, ngvelal eesingwitbt her

such Group I e - A [ by
t he descri bedd ?)ﬁrog%ée[gﬁf‘ggﬁgrt g '552?%&c"uf’ar| gﬂla{ faérgs gsﬁér ﬁggg'hog‘;t@%‘ﬁap g&ﬁj
thermal |y gr catesswhichodiffer by @factbroofi atdeastaOedA wadthod is alsohprvidedefor
utilized in the pr.oduct i

on of m cropr.ocessors and
producing such novolak resin mixtures.

(Figure 1)
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other mniaturized integrated circuit conponents. An al um nunifal um num

oxi de wafer can al so be used. The substrate may al so conpri se vari ous

pol ymeric resins, especially transparent polynmers such as pol yesters. The
substrate may have an adhesion pronoted | ayer of a suitable composition,
such as one contai ni ng hexa-al kyl disilazane. The photoresist conposition
solution is then coated onto the substrate, and the sljbstrate is treated at
a tenperature fromabout 70[err]C to about 1 20[err]d} or from about 30
seconds to about 180 seconds on a hot plate or for frpgm about 15 to about
90 mnutes in a convection oven (Soft Bake). This tengerature treatnent is
selected in order to reduce the concentration of resifgual solvents in the
phot oresi st, while not causing substantial thernal ’ :
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8
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degradati on of the photosensitizer. In general, one desires to mnimze the
concentration of solvents and this first tenperature treatnent is conducted
until substantially all of the solvents have evaporated and a thin coating
of photoresist conposition, on the order of one mcron in thickness,
remai ns on the substrate. In a preferred enbodi nent the treatnent
tenperature is fromabout 90[err]C to about 1 20[err]C The treatnent is
conducted until the rate of change of solvent renoval becones relatively
insignificant. The tenperature and tinme sel ection depends on the

phot oresi st properties desired by the user, as well as tlge equi pnent used
and commercially desired coating tines. The coating substffrate can then be
exposed to actinic radiation, e.g., ultraviolet radiatio at a wavel ength
of from about 300 nmto about 450 nm x-ray,

S .
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el ectron beam ion beamor |aser radiation, in any desired pattern,
produced by use of suitable nasks, negatives, stencils, tenplates, etc. The
photoresist is then optionally subjected to a post exposure second baki ng
or heat treatnent (PEB) either before or after devel opnent. The heating
tenperatures may range from about 80[err]C to about 1 20[err]C, nore
preferably fromabout 90[err]C to about 1 20[err]C The;heating nay be

conduct ed - 11 - for from about 30 seconds to about P m nutes, nore
preferably from about 60
O
M
‘¢- b
o i
g: - <]t
Qm . r —
80;‘ 4-02'
M = NS
o ~
O -
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seconds to about 90 seconds on a hot plate or about 30 mnutes to about 45
m nutes in a convection oven. The exposed photoresi st-coated substrates are
devel oped to renove the i nage-wi se exposed areas by imersion in an

al kal i ne devel opi ng solution or devel oped by spray devel opnent process. The
solution is preferably agitated, for exanple, by nitrogen burst agitation.
The substrates are allowed to remain in the developer until all, or
substantially all, of the photoresist coating has dissolved fromthe
exposed areas. Devel opers may incIude!IﬂSSEg* sol uti ons of ammoni um or

al kali metal hydroxi des. One preferre oXide is tetranet hyl ammoni um
hydr oxi de. After renoval of -the coatec rg,fromthe devel opi ng sol ution,
one may conduct an optional post- EderNiL
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devel opment heat treatnent or bake to increase the coating' s adhesion and
chem cal resistance to etching solutions and ot her substances. The post-
devel opnent heat treatnment can conprise the oven baking of the coating and
substrate bel ow the coating's softening point. In industrial applications,
particularly in the manufacture of mcrocircuitry units on silicon/silicon
di oxi de- type substrates, the devel oped SUE?LKBtES may be treated with a
buffered, hydrofluoric acid base etching s 5] The phot or esi st
conpositions of the present invention are resistant to acid-base etching

sol uti ons and provide effective prot EXPh EATITY TWOEposed

phot oresi st-coati pg areas ofythe substrate. The fPIIomAng sqecific exanpl es
Will provi deldeW .
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met hods of producing and utilizing conpositions of the present invention.
These exanpl es are not intended, however, to limt or restrict the scope of
the invention in any way and shoul d not be construed as providing

condi tions, paraneters or values which nust be utilized exclusively in
order to practice the present invention. -12- Exanple 1 Synthesis of
Novol ak Resin using mcresol and 3, 5-xylenol (6.23,3 Ratio):

FIG.6
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Into a two liter four necked flask equi pped with.a thernoneter, stirring
shaft, condenser and a dropping funnel were added 162.12 grans (1.5 nol es)
nmeta- cresol, 88.23 grans (0.722 noles) 3,5-Xylenol, 170 grans di propyl ene
gl ycol nmethyl ether (OPGVE) solvent angd.0.625 grans oxalic acid (about

0. 25% by wei ght of total phenols). Th fllﬁk was heated slowy fromroom
tenperature using a heating mantle controlled by a therno-watch. The
contents of the flask were gently stirred. The reaction contents were
heated to 95[err] C and when the tenperature was stablized at 95[err]C, 126
granms (37.28% formal dehyde sol uti QlsEARIed by dropping funnel over a
period of 90 m nutes. The ctesol:formal dehyde ratio was 1:0.7. The
condensat | ) whs—then carriad gui- a5l Q '

condensation af 95[e C, the
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distillation was carried out at atnospheric pressure to renpve water. The
tenperature was increased up to 200[err] C and excess cresol and sol vent
- were renoved under vaccum (4670 Pa) at a tenperature from 200 to
220[err] C. The vaccumwas rel eased at 220[err]C and the nolten resin was
poured into an al um num pan. The resin obtained had a viscosity of 10.7
(7.0% solution in Cycl ohexanone), a satransition Tenperature (Tg =
105[err]C), Dissolution Rate = 1.8 -toJ2, @Y ons/ m nute using 2.38% Tetra
Met hyl Ammoni um Hydr oxi de (TMAH) AZ300 M F devel oper, a relative nol ecul ar

wei ght (RMWY of about 10 gﬂﬂ Nble Ve stribution as shown
in FIG 1. FIG 1 is a gr mﬁn @’ JrgdeD'r wei ght distribution

for the novol ak nesin of Exanpje 1. The gragh shows the Peak Intensity,
plotted as al20 _
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function of the time in mnutes. Exanple 2 Synthesis of Novol ak Resin using
m cresol and 3.5-xylenol (10:3.35 Ratio): Into a 500 m. four necked flask
equi pped with a thernonmeter, stirring shaft. condenser and a dropping
funnel were added 115.35 grans (1.0667 noles) neta-cresol, 43.6 grans

(0.35699 noles) 3,5-Xylenol, 76.13 g diglyme - 13 - solvent and
1.588 grans nal ei c anhydride (2.0% bﬁ%gl‘é of total phenols)
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The flask was heated slowy fromroomtenperature using a heating mantle
controlled by a therno-watch. The contents of the flask were gently
stirred. The reaction contents were heated to 95[err]C. \Wen the
tenperature was stablized at 95[err]C, 87.9 granms (37.28% fornmal dehyde

sol ution was added by dropping funnel over a period of one hour. The
condensation was then carried out at 95[err]C for four hours. After
condensation at 95[err]C, the distillation was carried out at atnospherig
pressure to renove water. The tenperatanJEEstglcreased to 200[err]C and
excess cresol and solvent were renoved * cum (4670 Pa) at a
tenperature from 200 to 220{%err] he vacc rel eased at 220[err]C and
the nolten resin was poured intoqaﬁgﬂﬂﬁninuaibiﬁ?'The resin obtained had a
Vi scosity of"6 4 (7.0% sol ytion in Cygl ohexanonq),. a 1
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: L = err]C, aDissqutiﬂﬁ—Ra(—e—*-éf-Q—”
s t gl n O dike v er], an RMVof about 10 and a GPC
m crons/ mnute u g raph showi ng

i ecu a1 et ez onure stesty d e 34l 8 g o)
| Wei t distribu _ . ¢ )
El'ﬂg g:gpgorlsﬁ%m%sﬁ%“ggétgqephglﬁsgluﬁlpnglatas ammaﬁp;r?géﬁ n{dg{bégg?élgﬁ (?Lbﬂe 'n
Byt enol R Ere e Pt st in MR B oG ey omhantiane which arqui pped
3. 5-xyl eno L 49 P SRR droppi ng funnel were
: srResallyrsensitiver inrthesHiaktran e¥iens &be C opping
\émdélgdalzsg.eiz grﬁh’h o gcresol , %g’_@%‘algram; (0.722 nol es)

.5 nol es). .net a- D0 00,
3, 5- Xyl enol | 170!‘?%(9&#@%&0%@%3{9 used in microlithography processes for
making miniaturized electronic components such as in the fabrication of

computer chips and integrated 6ircuits. Generally, in these processes, a thin
coating of a film of a photorasist compasition is first applied to a substrate
material, such as sffton wafers used for making integrated circuits. The
coated substrate is then baked to evaporate solvent in the photoresist
composition and to fix the coating onto the substrate. The baked coated
surface of the substrate is next subjected to an image-wise exposure to
radiation. '

. This radiation exposure causes a cherﬁical transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV) light,
electron beam and X-ray radiant energy are radiation types commonly used
today in microlithographic processes. After this image;wise exposure, the
coated substrate is treated with a developer solution to dissaive and remove
either the'radiation-exposed or the unexposed areas of the coated surface of
the substrate. '

Novolak resins are frequently used as a polymeric binder in liquid
photoresist formulations. These resins are typically produced by conducting a
condensation reaction between formaldehyde and one or more muiti-
substituted phenols, in the presence of an acid catalyst, such as oxalic acid.
There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist-'compositions are
exposed image-wise to radiation, the areas of the resist composition exposad



necative-warking resist wijt o er a ses remaval cf the nan-ex

and 0. 625 rc'ams oxal1T acrd {Bazg ypwe? t of total phenol se) pc§|%de fl ask
was heat e(trsd;s)wf yhef plootorasish d:@tnpgrartdjm d:rsangn of lcoegattyenmagedndbat r ol | ed
by a thernpo-watch. The contents o ask

reacti on CORIBB¢ @eﬁ%qye“%%%‘teéﬁ‘gt%d§§'{%‘§PPE‘°”\M £X ggg@mgéﬁ%{ 3 The
stablized gy %é[tﬁ]“\fv}'ﬁh tﬁglprﬁztgfe%@i cﬁ%gno%ﬁf&\ Wwas 'ﬁé‘p@%hd@ie sol uti on was added

by droppi ng unn over peri od m nutes. The condensation was then

gar ri Iefj out at Qfthe p}r@rﬂmndsM@etqus;twe&wpéﬂn@mm@fgéﬁt GAMPOSYSNERFI C, t he
istillation wa

exposea u%%ge-v? ga%tradlatxon.%ose areas of the photoresist campasition
exposed to the radiation become mare saluble to the developer solution {(e.g.
a rearrangement reaction occurs) while those areas not exposed remain
relatively insaluble to the developer solution. Thus, treatment of an ex;ﬁosad
positivé—'working photoresist with the developer causes remaval of the expased
areas of the coating and the creatian of a pasitive image in the photaresist
coating. Again, a desired portion of the underlying substrate surtace is
uncavered. |

After this development 6peration, the now partially unprotected
substrate may be treated with a substrate-etchant solution or plasma gases
and the like. The etchant solution or plasma gases' etch that portion of the
substrate where the photoresist cdati_,ng was removed during developmaent.
The areas of the substrate where the photaresist coating still remains are
protected and, thus, an etched pattern is created in the substrate material
which corresponds to the photomask used far the image-wise expasure to the
radiation. Later, the. remaining areas of the photoresist coating may be
removed during a stripping operation, leaving a clean etched substrate
surface. In some instancas, it is desirable to heat treat the remaining
phatoresist layer, after the developmant step and before the etching step, to
increase its adhesion to the underlying substrate and its resistance to etching
solutions.

Positive working phatorasist compasitions are &:urrantly favored over

negative working resists because the former generélly have better resolution
capabilities and pattern transfer characteristics. Photoresist resolution is defined
‘as the smallest feature which the resist composition can transfer fram
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addition, it is almost always sirable that
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220[err]C and the nol.ten resin was poured into an alum num pan. The resin
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conbi nat i gfeights. Because the molecular weight distribution in these

' resins consists of two different sub-distributions of
molecular weight, such resins have been Characterized as
bimodal.

The present invention relates to. the surprising
discovery that an improved novolak resin for use in
photoresist compositions is obtaiﬂed by utilizing a mixture
of resins having similar molecular weights and similar
molecular weight distributions, but each having a different
dissolution rate. Although there is no known method for
measuring dissolution rate distribution in a manner which is
analogous to molecular weight distribution, the resins of
the present invention may be characterized as Bimodal
Dissolution Rate (BDR) resins.  BDR resins are defined as
resins having the followihg characteristics:

a) a film forming resins useful for photoresist
compositions;

b) comprising a mixture of.at least two resins, with
the same or different chemical composition, for which the
molecular weight distribution of the two component resins,
normalized to the same area, show an overlap of at least
fifty percent (50%), preferably 60-100%, more preferably 70-
95%, and for which the dissolution rates of the two
component resins differ by a factor of from 2.0 to 6.0,
preferably from 2.5 to 4.5.

The invention is defined in the appended claims.



CoooTTETee MAe BUR resins of  the present

of the novdl'dR™Fd&s B BraReresof tine 2o hinok g oves L 8®, Ofn 1ok eyl A
wei ght di smeebuthen cafitgheiat efqt NQ @%X()y S 'netg pgrcent (90% andr% a
conbi nati on of the novolak resins o anplres 32¥n8®3 had an overl ap of

nol ecul ar wei ght distribution of greater than about eighty five percent
(85% . Exanple 4 Photoresist conpositions were produced by adding to a 500
m . flask: 4.5 grans -of 70% L-sul fonyl chloride/30% F-sul fonyl chloride
(70L/ 30F) trihydroxyphenyl et hane photosensitizer (18% by wei ght of the
solids), 75 granms of PQVEA solvent and the foll ow ng anbunts of the novoal k
resins of Exanples 1 and 2. The m xtures were stirred at roomtenperature
to form photoresist solutions (all -percentages are by wei ght of solids):
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f
i
Exanpl e 1 Novol ak Exanpl e 2 Novol ak A) 20. !

i {
I 3 115. 375
gm (61.5% 5.125 gm (20.5% C)  10.250 g (41% 10.1550 gm

(41% D) 5.125 gm (20.5% 15. 375 gm (61.5%E) o
20.500 gm H&&é‘? - 15 - Thﬁ. Rhotohesi st sol L#tiOI’lS were each coated on to
a 10 centi 'si] i YnreRifSwhich are the products of a palycondensation reaction

between one ar more phenolic monomers and formaldehyde, or 2) a mixture

of such reaction products. Malecular weight and molecular weight distribution,
as used above, are defined via a GPC versus polystyrene standard, not as
absolute values. _

The mixture of phenolic monomer(s)/formaldehyde resins enables one
to formulate photoresist compdsitions which display improved, or at least
equivalent, thermal stability when compared to a photoresist composition
formulated using only the compaonent resin having the higher thermal stability.
Such photoresist compositions display improved thermal stability when
compared to a photoresist composition formulated using the component resin
having the lower thermal stability.

Such photoresist compositions aiso provide semiconductor devices
having. a very good pattern profile, a low degree of scumming, no standing
wave and very good depth of focus. They also provide a wide pfocess
window when producing semi-conductor devices.

The subject invention provides a water insoluble, aqueous alkali soluble

film forming novolak resin which can be used t6 form a substantially uniform
photoresist compasition, the novolak resin comprising a mixture of at least two
novolak resins, with the same or different chemical compasition, for which the
molecular weight distribution of the component resins, normalized to the same
area, show an overlap of at least fifty percent (50%) and for which the
dissolution rates of the component resins differ by a factor of at least 2.0.

The present invention provides a process for formulating a water
insoluble, aqueous alkali soluble film forming novolak resin which is useful for
providing a substantially uniform photoresist compasition, by mixing at least
two novolak resins, with the same or different chemical composition, for which



same area, show an averlap aof at least fifty percent (50%) and for which the

at the appr. o |ate s eed on a SVG coat -devel opnent track system then
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pattern

demonstrated by "Light Sensitive Systems”, Kosar, J.; John Wiley & Sons,
‘New York, 1965 Chapter 7.4. These resins are typically produced by
conduding a condensation reaction between formaldehyde and one or more
muilti-substituted pher{ols, in the presence of an acid catalyst, such as oxalic
acid. ‘ '

Suitable multi-substituted phenols are well known in the prior art and
include meta-cresol, para-creso'l, 3,5-xylenol and 3,5-dimethyiphenol.

The sensitizer which comprises a component of photoresist

' compositions may be an ester of a multihydroxy phenalic or alcoholic

compound, such as a tris-hydroxyphenylethane or a hydroxybenzophenone,
and a sulfonic acid or sulfonic acid derivative such as a sulfonyl chloride, such
as described in U.S. Patents 3,106,465 and 4,719,167,

In a more preferred embodiment, the photosensitizer is a polyhydroxy-
substituted aromatic compound of farmula’l, or a mixture of compounds of
formula 1.
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where |, m and n are numbers in the range of 0 to 3 inclusive;

and where, if n > 0, R = hydrogen, alkyl (e.g. C, to C, alkyl), aryl (e.g. phenyi,

naphthyl) or alkylaryl (e.g. C, to C, alkyl substituted pheny! or naphthyl);

and where, if n = 0, R = hydrogen, alkyl (e.g. C, to C4 alkyl), hydroxyary! (e.g.

phenyl, naphthyl), preferably monohydroxyaryl, most preferably 4-

hydroxyphenyl), alkyfaryl (e:g. C, to C, alkylphenyl or alkylnaphthyl), preferably
hydroxysubstituted and bound to the aromatic ring by a methylene, a 1-

. ethylidene or 2-isopropylidene bridge, most preferably 4-hydroxyphenyl-2-

isopropylidene, -1-ethylidene or -methylene;

| and where R' is hydrogen, alkyl (e.g. C, to C, alkyl), or cycloalkyl (e.g. C, to

C, cyclo, C, to C; alkyl).

The photoresist composition is formed by blending the ingredients in a
suitable solvent. Generally, the amount of navolak resin in the photoresist
preferably ranges from 70% to . 90% 'and more preferably from :
75%to . 85% based dn the weight of the solid; i.e., non-solvent
photoresist components. The photosensitizer is generally present in the
photoresist in an amount of from about 10% to about 30% preferably from
about 15% to about 25%, based on the weight of the solids photoresist
companents.

Suitable solvents for such photoresists may include propylene glycol
mono-alky! ether, propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-



lactate, butyl acetate, xylene, diglyme, ethylene glycal monoethyi ether

ft
ST e, TR TR STNE Aol LR B,
E(nomi nal ) F’GMB?G)CHMI ethyl- G[ahoiybropnoaéﬁ feyr] m Scum A 240

md/ cnf err] 35 4 [err no B 200
0. 40 1Oghqrqut]o,9,al mgrqung such as co@]:@nts dyes, anti-gtrigon agents,
pm

NOleveling agents, plasticizers, adhesion promoters, speed enhancers, solvents

and such surfactants as non-ianic surfactants may be added to the solution of -

novolak resin, sensitizer and solvent before the photoresist composition is
coated onto a substrate.

| The skilled artisan will know that dyes are often selected which absorb
strongly at a wavelength corresponding to the wavelength of light used in one
or more lithographic process steps, and particularly corresponding to the
wavelength of the exposing radiation. |

Examples of dye additives that may be used together with the
photoresist compositions of the present invention include Methyl Vialet 28 (C.I.
No. 42535), Crystal Violet (C.l. 42555), Malachite Green_ (C.I. No. 42000),
Victoria Blue B (C.l. No. 44045), Neutral Red (C.l. No. 50040), Sudan Orange

* (C.l. 11920), Curcumin (C.A.S. Reg. No. 458-37-7), Coumarin 1 (C.A.S. Reg.
No. 91-44-1), Coumarin 7 (C.A.S. Reg. No. 27425-55-4), Coumarin 314
(C.A.S. Reg. No. 55804-66-5). Disperse Yellow 9 (C.l. 10375), Alizarin Yellow
GG (C.l. 14025), Alizarin Yellow R (C.l. 14030), Basic Yellow 1 (C.l. 49005
and 3,3'-carbonylbis (7-diethylaminocoumarin) (C.A.S. Reg. No. 63226-13-1) at
one to ten percent weight levels, based on the combined weight of novolak
and sensitizer. The dye additives help pro'vidé increased resolution by
inhibiting back scattering of light off the substrate.

Anti-striation agents may be used at up to about a five percent weight
level, based on the combined weight of film forming resin and sensitizer.
Plasticizers which may be used include, for example, phasphoric acid tri-(beta-
chloroethyl)-ester; stearic acid; dicamphar; acetal resins; phenoxy resins; and
alkyl resins, at about ane to ten percent weight Ievel;s, based on the combined
weight of film forming resin and sensitizer. The plasticizer additives improve

1.

4



is smooth and of uniform thickness ta the substrate. Adhesion
D

. ; . 1,4 [err]lm slightly E 160
0. 35 p?(?rHo&fari “f)h_rhCh m&yég Uggﬂﬂp‘é'uﬂedE?éséfa(ndﬂ%sgeééé&tggp Y5cess wi ndow
needed t o cgclahex)-etryitepidthatysiiass NmdthphdisRimemat v SnetPuBQRitee | ati t ude,
depth of focus or E [err] Photoresist conpositions were produced by adding

to a 500 MNYticBigKIsigneraGYaMMAGTiBOrRORY Hyigoxypirne/uRta about a 4
Bnd the T SRS iAdHE BYek Bedal o e CodRineEeight o P stind Batd. e
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bercent weight level? -based on the combined weight of film forming resin and
sensitizer. These enhancers tend to increase the solubility of the photoresist
coating in both the exposed and unexposed areas, and thus they are used in
applications when speed of development is the overriding consideration even
though some degree of contrast may bé sacrificed; i.e., while the exposed
areas of the photoresist coating will be dissolved more quickly by the
developer, the speed enhances will also cause a larger loss of 'photoresist
coating from the unexposed'are.as.

The solvents may be present in the overall camposition in an amount of

"up to 95% by weight of the photoresist compasition. Saivents, of course are
substantially removed after coating of the photoresist solution on a substrate
and drying. .

The prepared photoresist compasition sclution, can be applied to a
substrate by any conventional method used in the photoresist art, including
dipping, spraying, whirling and spin coating. When spin coating, for exampls,
the resist solution can be adjusted with respect to the percantage of salids
content, in order to provide a coating of the desired thickness, given the type
of spinning equipment utilized and the amount of time allowed for the spinning
process. Suitable substrates inciude silican, aluminum, polymeric resins,
silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other

REPLACEMENT SHEET
| 16 AUG 1999

such Group IlI/V compounds.




IR WERIARRMIR IMT MM G A W ETIQB Y iYL illvidiii aliivdill UIVAIJe-
A) ‘ 200. Oocegmted (veafeys, such asg)a@Othized(iOWe |3)rodudt8>.n00@‘ rgmro;ﬁriﬁéﬁ%sors and 36000
g.mo 0( g Q %tj\%r *@y%?u%%@?%qﬁate&@%un éldrggo@emrbté.( étgﬁﬁaw%wmﬁUm?@%nmoo( gm/()
(40% oxidd wéier ean d<be used: IThe $HEstPABlREP RIS cHAPRELSaMuExanpl e 5
wer e processed using the sane

polymeric resins, especially transparent palymers such as polyesters. The

substrate may have an adhesion promoted layer of a suitable compasition,

such as one containing hexa-alkyi disilazane.

~ The photoresist compasition solution is then coated onto the substrate,

and the substrate is treated at a temperature from about 70°C to about 120°C

for from about 30 seconds to about 180 seconds on a hot plate or for fram

about 15 to about 90 minutes in a convection aven (Soft Bake). This

temperature treatment is selected in order to reduce the concentration of

residual solvents in the photoresist, while not causing substantial thermal

degradation of the photosensitizer. In general, one desires to minimize the

concentration of solvents and this first temperature treatment is conducted

until substantially all of the solvents have evaporated and a thin coating of

photorssist compaosition, on the order of one micron in thickness, remains on

the substrate. In a preferred embodiment the treatment temperature is from

about 90°C to about 120°C. The treatment is conducted until the rate of

change of solvent removal becomes relatively insignificant. The temperature

and time selection depends on the photoresist properties desired by the user,

as well as the equipment used and commercially desired coating times. The

coating substrate can then be exposed to”actinic radiation, e.g., ultraviolet

radiation, ata wavelength' of from about 300 nm to about 450 nm, x-ray,

electron beam, ion beam or laser radiation, in any desired pattern, produced

by use of suitable maéks. negatives, stencils, templates, etc.

The photoresist is then optionally subjected to a post exposure second
baking or heat treatment (PEB) either before or after development. The
heating temperatures may range from about 80°C to about 120°C, more
preferably from about 90°C to about 120°C. The heating may be conducted
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Is fracti : LAt = e t he
exposur ¢ dganeal ose Sbpateaness By irdria T RCHRERE HEveIBAE Lot
feature siorelevetdped Byespiayldeseidépmest Grocess.alThei setatiarois fi@feraBly> [err] m

he- et hod SR (ETHARE, SYHcoden RUATASIRIE TORBRAIAES are alovetios:

tenper at ung rémeid (A thal davidiéPed (il 'S b substantially all, of the photoresist
coating has dissolved from the exposed areas. Developers may include
aqueous solutions of ammonium or alkali metal hydroxides. One preferred
hydroxide is tetramethyl ammanium hydroxide. After removal of the coated
wafers from the developing solution, ane may conduct an optional post-
development heat treatment or bake to increase the coating's adhesion and
chemical resistance to etching solutions and other substances. The post-
development heat treatment can comprise the oven baking of the coating and -
substrate below the coating's softening point. In industrial applications,
particularly in the manufacture of microcircuitry'hnits on silicon/silicon dioxide-

| type substrates, the developed substrates may be treated with a buffered,

hydrofluoric acid base etching solution. The photo'resist compasitions of the
present invention are resistant to acid-base etching solutions and provide
effective protection for the unexpdsed photoresist-coating areas of the
substrate.

" The following specific examples will pravide detailed illustrations of the
methdds of producing and utilizing compos’itioris'of' the present invention.
These e'xamples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions,
paramaeters or values which must be utilized exclusively in order to practice

the present invention. e e
i REPLACEMENT SHEET
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pattern simtpta two fites\ioer neieifast tasknequipped vath( @ drermaesstes, stisrisg sbatt.our
Conpr 1 s ngoPesTiF b e ipt iR hhbe it 2B sP R Aol 0.5 RS ety
oVl Bk e e Ot ol ¢ e TP o AERIEECE, ol 5
at Post EXpbur ethep(BPEMEKsolvenpaih 0 f2Ssgmmsrodiceadid (abeutid.pe¥% piC. The
s the PERTUSloi AIEAIEY, TheltaeitEL Heao oMIPIBRERE i 1000 i
i ncr eased ukingna Ofating 5H40tey comtrgieid by & thbsno-aateln] hehmmehts Bt tige Exanpl e 1
novol ak alone ol o T W EhR dorfil valbre haatas o Bt Lopper ature:

when the temperature was stablized at 95°C, 126 grams (37.28%)

formaldehyde solution was added by dropping funnel over a period of 90

minutes. The cresol:formaldehyde ratio was 1:0.7. The condensation was

then carried out at 95°C for six hours. Aﬂe} condensation at 95°C, the

distillation was carried out at atmospheric pressure to remove water. The

temperature was increased up to 200°C and excess cresol and solvent were

removed under vaccum (4670 Pa)  at a temperature from 200 to 220°C. The

_ vaceum wés released at 220°C and the moiten resin was poured into an

aluminum pén. The resin obtained had a viscosity of 10.7 (7.0% solution in

Cyclohexanone), a Glass transition Temperature (Tg = 105°C), Dissoclution

Rate = 1.8 to 2.7 microns/minute using 2.38% Tetra Methyl Ammonium

Hydroxide (TMAH) AZ300 MIF developer, a relative molecular weight (RMW)

of about 10 and a GPC Molecular Weight Distribution as shown in FIG. 1.

FIG. 1 is a graph showing the GPC molecular weight distribution for the
novolak resin of Example 1. The graph shows the Peak Intensity plotted as a
function of the time in minutes.

v i ing m-crasol -
Into a 500 ml. four necked flask equipped with a thermometer, stirring shaft,
condenser and a dropping funnel were added 115.35 grams (1.0667 moles)
meta-cresol, 43.6 grams (0.35699 moles) 3,5-Xylenol, 76.13 grams diglyme



found t o GNYEled bY@ Inermarwaichy | DUP Confrts ol ihe fiasiowese gently sifeGur pl ot of
Exposur e THex Rfactioh &ontatle wiiretHRudX 20m5eCS WRehhEtemberatlrd Wlst enper at ures
from95[err]Cto 110 [err]C This plot shows the exposure |atitude

i ncr easedstallizedeatrS& /1872 grans (k- 268(91)t formaldehyda setutionheas @ddedibyexposur e
pes t oy pBl BB £oH3b0 % R AR THE oo BNBY ST B0 ot h or
Forcus ([dnie@outap9sC mdvofour euss. After condensation at 95°C, the distillation

was carried out at atmospheric_pressure to remove water. The temperature

was increased to 200°C and excess cresol and soivent were removed under

vaccum ‘(4670 Pa). at a temperature from 200 to 220°C. The vaccum was

released at 220°C and the molten resin was poured into an aluminum pan.

The resin obtained had a viscosity of 8.4 (7.0% solution in Cyc!ohexanene)..a

Glass transition Temperature (Tg = 92°C), a Dissolution Rate = 6.0

microns/minute using AZ 300 MIF developer, an RMW of about 10 and a GPC

Molecular Weight Distribution as shown in FIG. 2.

FIG. 2 is a graph showing the GPC molecular weight distribution for the
novolak resin of Example 2. The graph shows the Peak Intensity plotted as a
function of the time in minutes.

Example 3

ng m- -
Into a two liter four necked flask equipped with a thermometer, stirring shatft,
condense} and a dropping funnel were added 162.12 grams (1.5 moles) meta-
cresol, 88.08 grams (0.722 moles) 3,5-Xylenol, 170 grams DPGME salvent
and 0.625 grams oxalic acid (0.25% by weight of total phenols). The flask
was heated slowly from room temperature using a heatmg mantle controlled
by a thermo-watch. The contents of the flask were gently snrred The
reaction contents were heated to 95°C. When the temperature was stablized
at 95°C, 121.6 grams (37.28%) formaldehyde solution was added by dropping
funnel over a period ot 90 minutes. The condensation was then carried out at
95°C for six hours. After condensation at 95°C, the distillation was carried out



to 200°C and excess cresol and solvent were remaved under vaccum (4f670
ih h t sts at PEB tenperatures from
ggt ;(ra;]ncutso TZ? ce)rares ?Q{J t‘gﬁagpé 3%@ ‘@F&Hﬂ? was laasediatid20f@e resin
offered t f‘@d)ﬁ'ﬁat m@ﬁ’én rekfa sz iodufed %'r'lralﬂhﬂ'ﬁurﬁf  e¥hé ’r?Qé&Eglf%neg\el ght of

photoresi st of Exanple 5 having a novolak resin content o
t he soli dshadwatwecqsﬁbtq{)ﬂe@|(ZtO%:en19m$num @ychihelREBonemzaGwssrtmé’tmm 95[err]C

Bo[err] C tITIBORMT TP GlA OB TR ks B BLCaRE LT “&si%d%gl me
0eVe OPen e MIF deekgensageiaios ifecad: Rk IoMeN] of gl RS, |
Exanpl e 5 éﬁé&l MQ'%UHIV\M%QNr@§ﬁ"HU§©'ht3§rﬁh0@#n BOBHhy3.wei ght of the solids in
FIG. 3 is a graph showing the GPC molecular weight distribution for the

novoiak resin of Example 3. The graph shows the Peak Intensity plotted as a

function of the time in minutes. Based on FIG. 1,2, and 3: 1) a combination

of the novolak resins of Examples 1 and 2 had an overiap of molecﬁlar weight

distribution.of greater than about ninety percent (90%) and 2) a combinaﬁqn of

the novolak resins of Examples 1 and 3 had an overlap of malecular weight

distribution of greater than about eighty five percent (85%).

Example 4
' Photoresist compositions were produced by adding to a 500 mi. flask: 4.5
grams of 70% L-sulfonyl chloride/30% F-sulfonyl chloride (70L/30F)
trihydroxyphenylethane photosensitizer (18% by weight of the solids), 75
grams of PGMEA solvent and the following amounts of the novoalk resins of
Examples 1 and 2. The mixtures were stirred at room temperature to form
phdtoresist solutions (all percentages are by weight of solids):

Exampie 1 Novolak Example 2 Novalak
A) 20.500 gm. (82%) @ eeee-

B)  15.375 gm. (61.5%) 5.125 gm. (20.5%)
C)  10.250 gm. (41%) 10.250 gm. (41%) REPLACEMENT S‘H“?Fi*
D)  5.125 gm. (20.5%) 15.375 gm. (61.5%) e

E) = e 20.500 gm. (82%) 16 AUG 1999




at the appropriate speed on a SVG coat-development track siystem, then
t he phot oresi st con‘gosﬂmn at PEB ter&eratures rom95[err]Cto 11[err]C

and SB t eR{REXPOSHES DakedONa RPipigle forkf] seeqrsls aheS@eveladRiem 06978 was 52
seconds usj . : r n.this plot, higher
SB and PEEW@W"@?@? 3#%43@%@%%2%%&%@&%% ? Fe}rin)“{J ﬁde}‘%\prroéﬁb?? ow t enperature of
t he subj e(NANGMETRICS: mddehapby dthatonestedtfimahiohaess measwrdmepr oduced by
adding to a 500 m. flask:. 5,0 grans of 70L/30F trihydroxyphenyl et hane
phot osensFY$t2ah MERWMNNG e iPGHT aprosihiesentirgsyaters Theawafess wamgither ol vent

i xt ures. GCPSdHh BTIKON iBhe sNpa (@ SN IS NI sciicn AR oo
(all per camt byas2lafecusiexpesyte matrix is used to print a pattern on the resist film.
The exposed wafer -\A-/ere post exposure baked (PEB) at 110°C for 60 seconds
an a hot plate. The resists were subsequently spray-puddle developed for 45
secands at 23.5°C, using TMAH AZ300 MIF developer (available from Hoechst
Celanese Corporation, Somerville, New Jersey). The developed resist pattemn
were examined by a Hitachi S-4000 field emission scanning electron

microscope. The lithographic results of the samples are presented in the table

below where: .
E rominai = minimum dose (millijoules/cm.?) required to replicate 1:1
. the various feature sizes on the reticle
" Resolution = smallest feature size (microns) opened with an

acceptable pattern profile (pattern edge acuity > 80°)
Depth of focus = the extend of defocus (microns) of the optical exposure
system where the resist is able to maintain an acceptable
pattern profile and within + 10% of the critical dimension
(CD) at the E,_.,
Scum = resist residue left at the exposed areas after
development.

16 AUG 999

.




Lithagrapnic Ferformance ot (ne Hesist

sol i ds). +——pfxanpte—t HGMWWM—RO 00 gm
(82% Sa@pRO| giB(n¢@iYalB) | REsDMiagnim) 73. BAF (0:5um) 2. Dumm| (8.2% O
16. 00 gm [(B5 6% 4. 00 gm (16 4% D) 14 00 gm (57 4% 6. 00

gm (24.6%0 EN  12o09 AURmE4P 2% 0as 8 00 gm 432 8% no

8 200 0.40 1.4 ym no
C 210 0.35 1.4 pum no
D 200 0.35 1.4 ym slightly
E 160 -0.35 .1..4 pm yes

Sample A doesn't possess the process window needed to achieve the optimal
thermal flow temperature, exposure latitude, depth of focus or E mina

-' - Example §
Photoresist compositions were produced by adding to a 500 ml. flask: 50
grams of 70L/30F trihydroxyphenylethane photosensitizer (20% by weight of
the solids), 75 grams of PGMEA solvent and the following amounts of the
novolak resins of Examples 1 and 2. The mixtures wére stirred at room
temperature to form photorésist solutions (all percentages are by weight of

solids).

A)  20.00 gm. (80%) 0.00 gm. (0%)

B)  18.00 gm. (72%) 2.00 gm. (8%)

C)  16.00 gm. (64%) 4.00 gm. (16%)

D)  14.00 gm. (56%) 6.00 gm. (24%)

E)  12.00 gm. (48%) 8.00 gm. (32%) -

F)  10.00 gm. (40%) 10.00 gm. (40%) REPLACEMENTS%A‘

l 16 AUG 9%




Landilions descrived in cxample 4, except the resist thickness used was 1.185

F)  10. Qfn@ind thé188st exposurelBaitdriipeafiddd aJ-E'%ﬁ WEaR @5”?53{'(%531 vl les of

Exanpl e were processed using the sanme con I'tions descri Exanpl e 4,
except tHawsesist thickreSinioren dase (MiliRkldstem]requirddie dissdlvesposur e

bake tenperatures used rrlCto 110[err]C. FIG 9 is a contour plot
of the Expo. Latitude o:ﬁﬁ%ﬁ%g'gﬁ%t e%)fpﬂsg%ére gevgleRingietypicalinis at ur es

from95[err] C to 110[ er riffetionhs tﬁé@m sngbwed the sane trend as those seen in
FIG 5 far Exanple 5. Incorporation of some of the Exanpl e 2 novol ak
i npr oved BROSEG batiluge; t=uBerceptagestangench thiesexposnrd dose kdlaiated! bl aher

sensitizer concentrationge; se resists in Examle 5. FIG
10 is a contour plot of '}Fﬁg?@ﬁ@?{hgdﬁr%[rétb?]a %'HSFJ?%@(%E'%&Q"%FH’- usi ng the
phot or esi st s of Exanpl e 1@% i its| Gritidap Difiensigaul ts found in Exanple 5, DOF

DOF (0.5 ym) = depth of focus (micrometers) for 0.5 ym feature size,
~ determined by the method described in Example 4
Thermal Flow Temperature = lowest temperature (°C) at which the resist

pattern start to flow or deform
The results (see FIGS. 4 to 8 contour plots) clearly showed the benefit of
using a novolak resin system camprising resin compaonent with Bimodal
Dissolution Rate, such as by blending various proportion of Example 2 novolak
_with the Example 1 novolak.

FIG. 4 is a contour plot of E,,., Of the photoresist of Example § at Post
Exposure (P.E.) Bake Temperatures from 95°C to 110°C. The plot shows
Enominy deCreased (i.e., photaresist photosensitivity increased) as the PEB
temperatures decreased or the concentration of Example 2 novolak increased
from 0% to 50% by weight. It also clearly showed using Example 1 novolak
alone would not offer low E, ... €ven at a lower PEB temperature, which was
found to give a lower thermal flow temperature.

FIG. 5 is a contour plot of Exposure (Expo.) Latitude of the Exarﬁple 5
photoresists at PEB temperatures fram 95°C to 110°C. This plat shows the
exposure latitude increased as the Example 2 novolak content increased. The
optimal expasure latitude is not achievable using 100% Example 1 novolak
regardless of the PEB temperature used.



i mproved RARSM¥RING Mg phBiosesists WiExamplesd at RESSamperaturendiasm 88°CeRanpl e 7
Phot or esi %3y | 50 -
Vari ous: a0y RRSE0RBA B BRdile DNAIICE S B et e tRS o,

19% 18% DPRwei ght of solid), 75 granms of PGVEA sol vent and the follow ng

anounts of the novol ak resins of Exanple 1, 2 and 3. The m xtures were
stirred at roomtenperature to form photoresist solutions (all percentages

are by vepgh!7 o a3QntélH piot of E,,,, of the photaresist of Example 5 having a
novolak resin cantent of 80% by weight of the salids in the photaresist
composition at PEB temperatures from 95°C to 110°C and soft bake (SB, i.e.
pre-expsoure bake temperatures of 80°C to 120°C. The development time
was 52 seconds using AZ 300 MIF developer. E_,,, increased as the S8 and
PEB temperatures increased.

FIG. 8 is a contour plot of the thermal flow temperature of the phaotoresist af
Example 5 having a novolak resin content of 80% by weight of the salids in
the photoresist composition at PEB temperatures from 95°C to 110°C and SB
temperatures of 80°C to 120°_C. The development time was 52 seconds using
AZ 300 MIF developer. As clearly shown in this plot, higher SB and PEB
temperatures increased the pattern thermal flow temperature of the subject
photoresist. |

Example 6
Photoresist compositions were produced by adding to a 500 ml. flask: 5.0
grams of 70L/30F trihydroxyphenylethane photosensitizer (18% by weight of
the solids), 75 grams of PGMEA solvent énd the following amounts of the
novolak resins of Examples 1 and 2. The mixtures were stirred at room

temperature to form photoresist solutions (all percentages are by weight of
solids).

REPLACEMENT SHEET}
| feAusw9 | |




20- Exp. 1A)  20.00 gmE(§R%) B gBLNEYal ak Novol ak

Novol ak (80% 0 0% 0 gm (0% 5 gm
(20% B) @(o%g)'66 ghh. tr8.8% (800 290 gm-ds?%]@é - 5 (20 O 10 (40%
0 (0% C) 1016.40%m. (65.6%) (20% 4o %%.1(25(44)@) 5% 0 (0%

10.125(40. 899, 475 (199 & 10.25 (4109 0 (0%  10.25 (41%

4.5 (18% PithodtQPHEE. (Rl fmance 00 881.H84i6%) Sanple  E(nomi nal )

Resol ut i onéi erriﬂko[gempffg.égdﬁ[ err] @ao 8%%5.8%) 240 ml/ cnferr]
: rrtm no

0. 35
F)  10.00 gm. (41%) 10.00 gm. (41%)

The photoresist samples of Example 6 were pracessed using the same
conditions described in Example 4, except the resist thickness used was 1.185
um and the post expasure bake temperatures used were 95°C to 110°C.

FIG. 9 is a contour plot of the Expo. Latitude of the photoresists of Example 6
at PEB temperatures from 95°C to 110°C. The plot showed the same trend as
those seen in FIG. 5 for Example 5. Incorpaoration of some of the Example 2
novolak improved the éxpo. latitude. Resists in this example contained lower

. sensitizer concentration, as cdmpared to those resists in Example 5.

FIG. 10 is a contour plot of the DOF of a 0.5y photoresist pattern using the
photoresists of Example 6. Similar to the results found in Example 5, DOF
improved with the incorporation of some of the Example 2 novolak. '

Example 7
Photoresist compositions were produced b'y adding to a 500 mi. flask: various
amount of 70L/30F trihydroxyphenylethaane photosensitizer (20%, 19%, 18%
by weight of solid), 75 grams of PGMEA solvent and the following amounts of
the novolak resins of Example 1, 2 and 3. The mixtures were stirrad at room
temperature to form photoresist solutions (all percentages are by weight of

solids) REPLACEMENT Sidal|
| 16 4uG 99




cxp. 1 cXp. 4 Exp. 3
B

1 | [err] yes C
190 6&’1%.3%5 qﬁ\i}ﬁ% Mﬁg b 1Bac f0
0.35 A) 20 gmi{88%]m O gmc(OE'o 0gm (0%0 5 gm (20%) O. 40

1.4 [err] ga Sol ution ity - Relative Ml ecul ar ight (RWY The
Vi scosi tyn@ol 'Oc@ was prepa@defpoag ) di ss@ @%ly 7 grafs(28fe)novol ak resin in a

100 nl. vogyneg (40}/01‘ | ask, usbr(go,gycl ohemrr(]wésol vent 20%9 sol ution was

filtered using 5 m croneter pressure syring fllter e viscosity was

measur ed Ug) n‘bO é%fdﬁrﬁ%)fensﬁe(ﬂﬂ’aoo V0s2f(d0.&rpjat 28[7F (19%) The rel ative
nmol ecul e vga)l gmzéw)was det0 5% ned lési§1?41t°/r1e foll ovg 198 equat i on:

' Lithog=raphic Performance oae Resist

Sample E(nohinal) Resolution(um) DOF (0.5um) | Scum
A 240 mJ/icm? 035 1.4 ym no
B 160 0.35 1.4 um yes
C 190 - 0.38 1.4 ym no
D '_ 160 : 0.35 1.4 uym no
E 170 0.40 1.4 pym no

e e = = e

The viscosity solution was prepared by dissolving 7 grams of novalak resin
in a 100 mi. volumetric flask, using cyclohexanone solvent. The solution was

filtered using @ § micrometer pressure syringe filter. The viscosity was

measured using a Cannon-fenske #200 vi.scometer at 25°C. The relative
molecule weight (RMW) was determined using the following equation:

Mrel=] 1/Clog

2 _
) - [REPLACEMENT Shz T
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'n = VISCOSIty Of resin In cyclonexanone

- 21 - where = iBNbF abd sining/m. n = viscosity of resinin
cycl ohexanongsnovge%@;%m éJé?ﬁ(;%)%Jtc?f/)f:lﬁohexanone Di ssol uti on Rate Measurenent:
Formul ati ons: Dissolve 26%resin solids in PGVEA. Filter through a 0.2

[err] mdi iigoslabl g Ff\croﬂi sC rf |ml tne_r. Ref er ence St andar ds:
rmylations: _
- Dissolve 26% resin solids in PGMEA. Filter through a 0.2 pm disposable

Acrodisc filter. i

Retference Standards:

S-Resin Stock #D9922A produced by Hoechst Celanese Corporation

(supplied in PGMEA solvént).

Dissolution Rate M P iure:

1. Each sample was coated on a 10 centimeter silicon wafer, at the appropriate
speed, on an SVG coat-development track system, then baked on a hot
plate for 60 seconds at 90°C, to obtain a 1.29 ym film.

2. The film thickness was determined on an Autonanospec (NANOMETRICS,
model 218), an automated film thickness measurement system, measuring
10 points across the entire wafer.

3. The Dissolution Rate was determined by measuring the film thickness
change with time using a laser end-point detection systemconsists of a
He-Ne laser (634 nm, 3 mW, ORIEL CORP., Model 79202) and a |
photodiode. The development was performed at 23°C using AZ300 MIF
TMAH developer and the dissolution rate was calculated by the equation
at = A2n ' |
where A is the wavelength of the laser, n is the index of reflection of the
film material at that wavelength and at is the change in thickness that
occurs in the time span between maxima (or minima) interference of the
film during the dissolution process.

Molecular Weight Data (Mw and Mnl:

The molecular weight of the polymers, whether wéight average malecular
weight Mw, or number average molecular weaight Mn, were measured by gel



polymer in tetranydraiuran (1 mr). 1ne actual apparaius empioyed caonsisied

S-Resin Sifog vaBROMMifigere qdm HoR&Rsle @bmmesa%napr@cugﬁu &éMEB' ied in

PGVEA solvent). Dissolution Rate asurerrent Procedure: 1. | e was
coated orchfom@tegraphysolimes witboreatar, éand &ﬂlﬁ&ﬁent&aigetﬁpctmeESpeed on an

SVG coat - dev Y, K hot.. pl at or. 60 seconds
at 90[err n%cg@ﬁé.%ﬁ%?zgfﬁgaﬁ%reﬁﬁctﬁ %’%gm vataﬁceﬁ'lr‘?é‘%mﬁ/as

det er ni nesbfewaranvétsiomang SmadkiavENR| @&1 228de802-9%).. TAe automated film

t hi ckness neasurenent system neasurin poi nts across the entire wafer.

3. The Di&d@ctametsr ised mad@ﬁ@% qw On%’a% tUrRirematagrealy hi ckness
change W tdy frindEsHE AMhstohfSRIoPRAERRS AL 168bBCAAG o ShaTdigedt s of a

Angstrom (available from Waters) were connected in series. The system was

calibrated using multiple available palystyrene standards rénging in molecular
weight as follows:

GPC CALIBRATION
Calibration Standard (Polystyrene}  Mal, Wt
- 470,000

170,000 .
68,000 REPLACEMEM %%ET

34,500 16 AUB 69
9,200
3,200
1,250

N oW N =

The standards are essentially monodisperse, consisting substantially of a
single molecular weight. With the system thus calibrated the weight average
molecular weight (Mw), the number average molecular weight (Mn), and
polydispersity (Mw/Mn), were abtained for polymers produced in accordance
with the Examples.

Glass Transition Temperature (Tq):

Glass transition temperatures (Tg) were determined by differential
scanning calorimetry using a Perkin Elmer 0SC-4 calorimeter aperating at
20°C/minute, nitrogen atmosphere at 60cc/minute. Glass transition



tangent lines about th ffi
e Ne | aser (9634 lnm ou ecﬁomto irst mﬂel\?bxgn of7tg%~be)at|gﬂ urve fodl ode. The

devel oprrenPOW@?serperfor rred at 23[err]C using AZ300 MF TI\/AH devel oper and
the dissolution rate was cal cul ated by the equation [err]t [err]/2n where
[err] is the wavelength of the laser, n is the index of reflection of the
filmmaterial at that wavel ength and [err]t is the change in thickness that
occurs in the tinme span between maxima (or mnim) interference of the film
during the dissolution process. Ml ecular Wight Data (Mv and MN: The

nol ecul ar wei ght of the polymers, whether weight average nol ecul ar wei ght
My, or nunber average nol ecul ar wei ght M, were neasured by gel

L3
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resins, for which the GPC molecular we:.ght distribution o
-22- perneation chromatogra ¥ %GPC erforrgd on | ute solutions of the

pol ymer i F%t CAMRRYT ap‘b%ﬁ%‘f%s B AVYSEXTARS st ed
of a V\atersi:a(ri\ddﬂd,parda:mx)zéd pr@gnwmbieea&uhqnshbw aanpYerlayagE e punp,

chr omat ogr,aphy. ¢ S i_fferential. refractaneter
connect ed X %Dagt Sgk'#gg L}Mé?% (ﬁgf)%)re t?8 R & SPen @é&ﬁ%ﬁ%’;ﬁfhg
sof t war e (rw mll';BlS Y% AZ3QB|MEEITMAHrdbv¢!bperT-/as d23oriBeicbyothy Disshlution Rate
refract On%easurléx%gnt rocegurg\%tescn%ed int ehe 1s(c)r13tr1]cgjn ];u lécr:qu%g %nea;at%%{eap %f the

component resins differ by a factor of from 2.0 to 6.0, said novolak resins bemg the

reaction products of formaldehyde with mixtures of meta-cresol and 3,5-xylenol.

2. The novolak resin mixture of claim 1 wherein the
novolak resins show an overlap in molecular weight
distribution of 60 to 100 percent.

3.  The novolak_' resin mixture of claim 2 wherein the.
novolak resins show an overlap in molecular weight
distribution of 70 to 95 percent.

4. A process for formulating a water insoluble, aqueous
alkali soluble film forming novolak resin by mixing.at least
twé novolak resiris, for which the GPC molecular weight
distribution of the component resins, determined versus a
polystyrene standa'rd,_ normalized to the same a.rea,. show an
overlap of at least fifty percent (50%) and for.which the
dissolution rates in 2.38 % AZ300 MIF TMAH - as determined by the Dissolution Rate
Measurement Procedure described in the description subsequent to example 7 - developer

of the component resins differ by a factor of from 2.0 to 6.0, said novolak resins being

the reaction preducts of formaldehyde with a mixture of a meta-cresol and 3,5-xylenol.
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col ums, FRFFHYEtrom 1000 Angstrom 10,000 Angstrom and 100, 000 Angstrom
(avai l able from Waters) were connected in series. The system was cal i brated

using rmultiple Ll | yst : i i L i ght
ne Ton Tovet Ponc 10t BESERRR) 48 J1ELF < AR S Bobonalk BRSTGY Bhotl 9N
470,000 2 an overlap 1n molecular weightpodiss: jhmtgon of 70 to 95
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The standards are essentially rrbnodi sperse, consisting substantially of a
si ngl e nol ecyéar wei h the system thus calibrated the wei ght average

ht. Wt
mol ecul ar wei BRPIEFRG, NYSRIOARIBKIdCSVEAYE HoatdeastiwaBpyiak rafirs Withg
ol ydi speg ] : L f®r. Q i .oar dance
R the: Briosebidhivigidn BHBURH B, BRG0 df ot RS TR0A sFAURRS clsSoRteR |
t enper at urates Whigh didiee byea éaatdmeldatbleadi 210er Armhéthlodsis atsa peovidedfarmet ry

usi ng a Perkjn. El ner, DSC- 4 cal.ori.rTFt er operating at 20[err] C m nute,
ni trogen BYIAYSHIRePECTL POYRK FE5IA [PIEUrBF-ass transiti on

{Figure 1)
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REPLACEMENT SHEET - 23- tenperature by this nethod is generally defined as
the point of intersection of tangent |ines about the point of first
i nflection of the heating curve of the polyner.
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-24 - CLAI M 1. A water insoluble, aqueous al kali soluble filmformng
novol ak resin conprising a mxture of at |east two novol ak resins, for

whi ch the GPC nol ecul ar wei ght distribution of the conponent resins,

determ ned versus a polystyrene standard, nornalized to the same area, show
an overlap of at least fifty percent (50% and for which the dissolution
rates in 2.38 % AZ300 M F TMAH devel oper - as determ ned by the Dissol ution
Rat e Measurenent Procedure described in the description subsequent to
exanple 7 - of the component resins differ by a factor of from2.0 to 6.0,
sai d novol ak resins being the

3
~n o 58— Z
o = =
T 3
=

o

I0

2 ¢ 8 &

PEAK INTENSITY

REPLACEMENT SHEET
16 AUG 1999




reaction products of formal dehyde with m xtures of neta-cresol and

3, 5-xylenol. 2. The novol ak resin m xture of claim| wherein the novol ak
resins show an overlap in nolecular weight distribution of 60 to 100
percent. 3. The novol ak resin mxture of claim2 wherein the novol ak
resins show an overlap in nolecular weight distribution of 70 to 95
percent. 4. A process for fornulating a water insol uble, aqueous alkal
soluble filmform ng novol ak resin by m xing.at |east two novol ak resins,
for which the GPC nol ecul ar wei ght distribution of the ¢onponent resins,
determ ned versus a
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pol ystyrene standard, nornmalized to the same area, show an overlap of at

| east fifty percent (50% and for.which the dissolution rates in 2.38 %
AZ300 MF TMAH - as determ ned by the Dissolution Rate Measurenent
Procedure described in the description subsequent to exanple 7 - devel oper
of the conmponent resins differ by a factor of from2.0 to 6.0, said novol ak
resins being the reaction products of formal dehyde with a m xture of a neta
cresol and 3, 5-xyl enol . 5. The process of claim4 wherein the novol ak
resins show an overlap in nol ecular weight distribution of 60 to 100
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percent. 6.

The process of claim5 wherein the novol ak resins show an

overlap in nolecular weight distribution of 70 to 95 percent.
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FIG.10

| 0.S5um D.O.F.
Ho i | | 1

105 —

PE.BAKE TEMP.

100

95 T ma——— T T
0 10 20 - 30 40 50

% EXAMPLE 2 NOVOLAK RESIN

REPLACEMENT SHEET|
16 AUG 999 | |




