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o The present invention relates to a process for producing a water insoluble,
aqueous alkali soluble, film forming novolak resin having an extremely low level of
metal ions. The present invention also relates to a process for making light-sensitive
‘compositions useful in positive-working photoresist compositions. Further, the
- 10~ present invention relates to a process for coating substrates with these light-sensitive
compositions as well as the process of coating, imaging and developing these light-
sensitive mixtures on substrates. | '
~ Photoresist compositions are used in microlithography processes for making.
- miniaturized electronic components, such as in the fabrication of computer chips and
15 . integrated circuits. . Generally, in these processes, a thin coating of film of a
photoresist composition is first applied to a substrate material, such as silicon wafers
“used for making integrated_ circuits. The coated substrate is then baked to evaporate
substantially all of the 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
20. image-wise exposure to radiation.

This radiation exposure 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
- 25" . - developer solution to dissolve and remove either the radiation-exposed or the
~ unexposed areas of the coated surface of the substrate.

Metal contamination has been a problem for a long time in the fabrication of

“high density integrated circuits and computer chips, often leading to increased defects,
yield losses, degradation and decreased performance. In plasma processes, metals

- 30 such as sodium and iron, when they are present in photoresists, can cause
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the metal contamination in the photoresist, particularly sodium and iron ions. Metal (

- levels as low as 1.0 ppm |n the photoresist have been found to adversely affect the

15

propeities of such semiconductor devices. - _
‘Novolak resins ‘are frequently used as a film forming 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 or maleic anhydride.
- There are two types of photoresist compositions, negative-working and
positive-working. - 'Wheén negative-working photoresist compositions are exposed

" image-wise to radiation, the areas of the resist composition exposed to the radiation
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become less soluble to a developer solution (e.g. a cross-linking reaction occurs)

* while the unexposed areas of the ph'ot‘ore}sist coating. remain relatively soluble to such

a solution. Thus, treatment of an exposed negative-working resist with a developer
causes removal of the nion-exposed areas of the photoresist coating and the creation
of a negative image in the coating. Thereby uncovering a desired portion of the
underlying substrate surface on which the photoresist composition was deposited.

- On the other hand, -when - positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition exposed
to the radiation become more soluble to the developer solution (e.g. a rearrangement
reaction océur’s)’ ‘while those areas ‘not exposed remain relatively insoluble to the
developer solution. ‘Thus, treatment of an exposed positive-working photoresist with

the developer causes removal of the exposed areas of the coating and the creation of a
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After this development operation, 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 of 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, after the

development step and before the etching step, to increase its adhesion to the
underlying substrate and its resistance to etching solutions.

Positive working photoresist compositions are currently favored over negative
working resists because the former generally have better resolution capabilities and
pattern transfer characteristics. Photoresist resolution is defined as the smallest

" feature which the resist composition can transfer from the photomask to the substrate

with a high degree of image edge acuity after exposure and development. In many

-manufacturing applications today, resist resolution on the order of less than one

micron are necessary. ' In addition, it is almost always desirable that the developed
photoresist wall profiles be near vertical relative to the substrate. Such demarcations
between developed and undeveloped areas of the resist coating translate into accurate
pattern transfer of the mask image onto the substrate.

Y OF THE INVENTION

The present invention relates to a process for producing novolak resin
contéining extremely low levels of metal ions. The invention further relates to a
process for making positive-working photoresists containing these novolak resin and a
photosensitizer, and to a process for using such photoresists in producing

semiconductor devices.
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sol uble to such a solution. Thus, treatnent of an exposed
negat i ve- wor kiirag, sedium; patassium, calpiush,apagnesium, copper. and zine.u The metatiomlevelfis t he
non- ex%)sed ar eas of E&‘f pDI%Ot or, eS| Sc‘tdll(l:lga;tll and t ee %oe tc':o?rrl]mon metal ion ‘
contaminants and among the easiest to detect. The level of these metal ions serves as
an Mutor of the level of other metal ions. ‘The level of sodium and iron ions are,
respectively, less than 100 ppb and 400 ppb each, preferably less than 75 ppb and 300
ppb, more preferably less than 50 ppb and 200 ppb, even more preferably less than 30
15 ppb and 130 ppb and most preferably less than 10 ppb and 10 ppb each.

Water insoluble, aqueous alkali soluble, film forming novolak resins having
extremely low level of metal ions may be obtained by condensing a mixture of one or
more methyl phenols and formaldehyde, in presence of an acid catalyst, in a suitable
solvent. After the condensation reaction is completed, the novolak resin is isolated by

- 20 - adistillation process to remove the water, unreacted formaldehyde, unreacted methyi
phenols and the solvent. A suitable polar solvent, or a mixture of solvents, containing
a polar solvent is added to the novolak resin. - .
This water insoluble, aqueous alkali soluble, film forming novolak resin having
extremely low level of metal ions may also be obtained by: 1) filtering the novolak
25 resin through a 0.1 pm filter, followed by utilization of a cation exchange resin or 2)
by utiliiing a combination of an anion and a cation exchange resin to purify such
novolak resin in a polar solvent or a mixture of polar and non polar solvents followed
by removing the solvent and then adding or adjusting the solvent level by adding a

solvents which is same as the solvent( s) used for photoresist composition.
—_—
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l%)w level of metal ions. In one embodlment, the process utilizes a cation

exchange resin to purify the novolak resin solution i in a mixture of a polar and a non

polar solvent. In a particularly preferred embodiment, the subject process utilizes an
~ anion exchange resin followed by purification of the same solution with a cation

exchange resin. The subject process comprises: |

2)

b)

d)

" rinsing a cation exchange resin with deionized (DI) water, followed by rinsing

with a mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or

hydrochloric acid), followed by rinsing again with DI water, and thereby

_ reducing the level of sodium and iron ions in the cation exchange resin to less

than 200 ppb each, preferably less than 100 ppb, more preferably less than 50
ppb and most preferably no more than 20 ppb;

~ rinsing an anion ion exchange resin with DI water, followed by rinsing with a

mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric
acid), followed by rinsing again with DI water, then rinsing with an electronic
grade non-metallic (e.g.ammonium) hydroxide solution (normally a 4-28%
solution),followed by rinsing again with DI water, and thereby reducing the

level of sodium and iron ions in the anion exchange resin to less than 200 ppb

‘each, preferably less than 100 ppb, more preferably less than 50 ppb and most

preferably no more than 20 ppb;
dissolving the novolak resin in a polar solvent, or in a mixture of a polar and a

" non polar solveht, and passing the novolak resin solution through the anion ion
‘exchange resin followed by passing the solution through a cation exchange

resin, and thereby reducing the level of metals to less than 100 ppb each,

- preferably less than 50 ppb, more preferably less than 25 ppb and most

preferably less than 10 ppb;
distilling the resin solution and thereby removing the polar solvent(s), followed
by addition of or adjusting of the solvent level with a solvent which is the same
solvent used for photoresist compositions and producing a novolak resin
—_—
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b) iinsing an anion exchange resin with DI water, followed by rinsing with a
mineral acid solution (e.g. a 5-98% solution of sulfixic, nitric or hydrochloric
acid) followed by rinsing again with DI water, then rinsing with an electronic

- 15 - . grade non-metallic (e.g. ammonium) hydroxide solution (e.g. a 4-28%

solution),followed by rinsing again with DI water, and thereby reducing the
level of sodium and iron ions in the anion exchange resin to less than 200 ppb
each, preferably less than 100 ppb, more preferably less than 50 ppb and most
preferably no more than 20 ppb;

20 c) forming a solution of the novolak resin in a polar solvent, or in a mixture of
polar and non polar solvents, and passing the novolak resin solution through
the anion exchange resin, followed by passing the novolak resin solution

 through the cation exchange resin, and thereby reducing the level of metal ions
~ to less than 100 ppb.each, preferably less than 50 ppb, more preferably less

25 “than 25 ppb and most preferably less than 10 ppb;

d) distilling the novolak resin solution and thereby removing the polar solvent(s),
followed by addition of or adjusting a solvent which is same solvent used for
the photoresist composition and producing a novolak resin having a metal ion

- - level of less than 200 ppb each, preferably 100 ppb, more preferably less than

30 - 50 ppb, even more preferably le_ss than 10 ppb.
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metal ions and 3) a suitable solvent.

The invention further provides a method for ‘producing a semiconductor
device by producing a photo-image on a substrate by coating a suitable substrate with
a positive working photoresist composition, the process comprising :

a) rinsing a cation exchange resin with DI water, followed by.rinsing with a
mineral acid solution (e.g. a'5-98% solution of sulfuric, nitric or hydrochloric
acid) followed by rinsing again with DI water, and thereby reducing the level
of sodium and iron ions in the cation exchange resin to less than 200 ppb each,
breferably less than 100 ppb, more preferably less than 50 ppb and mest
preferably no more than 20 ppb;

b) rinsing an anion exchange with DI water, followed by rinsing with a mineral
acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric acid)
followed by rinsing again with DI water, then rinsing with an electronic grade
non-metallic (e.g.ammonium) hydroxide solution (eg. a 4-28%
solution),followed by rinsing again with DI water, and thereby reducing the
level of sodium and iron ions in the anionic ion exchange resin to less than
200 ppb each, preferably less than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb;

c) . forming a novolak resin solution by dnssolvmg the novolak resin in a polar
solvent, or in a mixture of polar and non polar solvents, and passing the
novolak resin solution through the anion exchange resin, followed by passing
the novolak resin solution through the cation exchange resin, and thereby
reducing the level of metal ions to less than 100 ppb each, preferably less than

* 50 ppb, more preferably less than 25 ppb and most preferably less than 10 ppb,

-d) distilling the novolak resin- solution and thereby removing the solvent(s),

- followed by adding or adjusting the solvent which is same solvent used for
photoresist compositions and producing a novolak resin having a metal ion
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f) coating a si_‘xitable'substrate with the pho_toré,sist composition;
g)  heat treating the coated substrate until substantially all of the solvent is
10 removed; image-wise exposing the photosensitive composition and removing (
~ the image-wise exposed areas of such composition with a suitable developer,
such as an aqueous alkaline developer.. Optionally one may perform a baking
of the substrate either immediately before or after the removing step.
It has been found that a film forming novolak resin having an extremely low.
15 - level of metal ion contamination: cannot readily be obtained by first condensing
anethylphenols and formaldehyde, in the presenee of a catalyst, isolated the
condensate resin in non polar solvents; then attempting to remove the metal ions from
the novolak resin unless: 1) it is first dissolved__in-ﬁ.polar solvent, or a mixture of
solvents containing polar solvent (2_) the novolak resin is then passed through an anion
20  exchange resin, such as Amberlyst®21, followed by passing the novolak resin solution
through a cation exchange resin, such as Amberljst@ls, (3) the ion exchange resins
‘having both been ‘cleaned as described above,(5) a solvent which is compatible with
the solvent or ‘solvents for :the novolak resin solution is used to rinse both ion
exchange resins, prior to=pa§§ing the novolak resin solution through the ion exchange
25 resins to removemetal ions. -
It was unexpectedly found that addmon of a polar solvent such as methanol,
ethanol, _acetone, mixtures thereof, or a mixture of a polar and nonpolar solvent to a
novolak resin solution, or the use of such a solvent to form a novolak resin solution,
gi-eatly facilitating the removal of metal ions, to produce a film forming novolak resin
30 haﬁng an extremely low level of metal ion coxuatmnatton. It was also found that
novolak resin solution in a pure polar solvent, or in a mixture of polar solvents, would
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phot or esi st conmposiiliZed in he process of the invention, the ion exchange resin must be treated with
' water and then a mineral acid solution to reduce the metal ion level. The cation
10 exchange resin is initially rinsed with deionized water, followed by a mineral acid
solution, such as a 10 percent sulfuric acid solution, rinsed again with deionized
water, rinsed again with the mineral acid solution and once’ again rinsed with
deionized water. It is also critical that, prior to deionization of the novolak resin
solution, both ion exchange resins are rinsed with a solvent which is the same as, or at

15 least compatible with, the novolak resin solvent. -

The novolak resin is preferably dissolved in a mixture of a non polar solvent,
such as propylene glycol methyl ether acetate and a polar solvent such as methanol in
the solvent ratio of from about 1:2 to 2:1, preferably about 1:1 with a novolak resin

- solids content of from about 5 percent to about 30%, preferably from about 15% to
20 - about-25%. The novolak resin solution may be passed through a column containing
~_ the ion exchange resins . Such novolak resin solutions typically contain from about
+ 250 to 1500 ppb each of sodium and iron ions. During the process of the present

- invention, these levels are reduced to as low as 10 ppb each.
~ The present invention provides a process for producing a photoresist
25 - composition and a process for producing semiconductor devices using such
photoresist composition. - The photoresist composition is formed by providing an
“admixture of a photosensitizer, the subject water insoluble, aqueous alkali soluble,
film forming novolak resin and a suitable solvent. Suitable solvents for such photo-
resists and for novolak resins may: include propylene glycol mono-alkyl ether,
"30 - propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-ethoxypropionate, ethyl
lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl acetate, xylene,
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nen - 5. pol ar sol vent In a partlcul arly preferied e lrmni-, He
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resin with deionized (D) water, followed by rinsing
a nineral acmﬁmﬁ‘rﬂ\eﬂ%w@d 98% sol ution of sutfuric, nitric or

Other optional ingredients such as colorants, dyes, anti-striation agents,
5  leveling agents, plasticizers, adhesion promoters, speed enhancers, solvents and such
surfactants as non-ionic surfactants may be added to the solution of PHS, sensitizer
and solvent before the photoresist composiii?n is coated onto a substrate. Examples
of dye additives that may be used tothhet_ﬁth the photoresist compositions of the
| present invention include Methyl Violet 2B (C.I No. 42535), Crystal Violet (C.L
10 42555). Malachite Green (C.I. No. 42000), Victoria Blue B (C.L No. 44045) and
Neutral Red (C.I. No. 50040) at one to ten percent weight levels, based on the
‘combined weight of PHS and sensitizer. The dye additives help provide increased
resolution by inhibiting back scattering of light off the substrate.
_ - Anti-striation agents may be used at up to about a five pei'cent weight level,
15 based on the combined weight of novolak and sensitizer. Plasticizers which may be
used include, for example; phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid;
dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl resins, at about one
to ten percent weight levels, based on thé combined weight of novolak and sensitizer.
-~ The plasticizer additives improve the coating properties of the material and enable the
20 . application of a film that is smooth and of uniform thickness to the substrate.
Adhesion promoters which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; para-methyi-disilane-methyl methacrylate;
vinyltrichlorosilane; and gamma-amino-propyl triethoxysilane up to about a 4 percent
weight level, based on the combined weight of novolak and sensitizer. Development
25 speed enhancers that may be used include, for example, picric acid, nicotinic acid or
. nitrocinnamic acid up to about a 20 percent weight level, based on the combined
weight of novolak 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
30 though some degree of contrast may be sacrificed; i.e., while the exposed' areas of the
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' The prepared photoresist solution, can be applied to a substrate by any

10 conventional method used in the photoresist art, 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 coating of the
-~ .desired thickness, given the type of spinning equipmeﬂt utilized and the amount of
time allowed for the spinning process. - Suitable substrates include silicon, aluminum,
15 polymeric resins, silicon ‘dioxide, doped silicon dioxide, silicon nitride, tantalum,
copper, polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other
such Group III/'V compounds. .
- The photoresist coatings produced by the described procedure are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated wafers, such
20 as are utilized in the production of microprocessors and other miniaturized integrated
circuit components. An aluminum/aluminum oxide wafer can also be used. The
substrate may also comprise various polymeric resins, especially transparent polymers
such as polyesters. The substrate may have an adhesion promoted layer of a suitable
composition, such as one containing hexa-alkyl disilazane. - _
25 - The photoresist composition solution is then coated onto the substrate, and
| the substrate is treated at a temperature from about 70°C to about 110°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. This temperature treatment is selected in order to
_ reduce the concentration of residual solvents in the photoresist, while not causing
30 substantial thermal degradation of the photosensitizer. In general, one desires to
' ' mmumze the concentration of solvents and this first temperature treatment is



d) distilling the resin solution and thereby renoving the pol ar

sol vent (s), followed by addition of or adjusting of the
sol vent Wioea6e21176i t h ammh\eamasm lated t he sane 30 - PCT/US9S/16185 v ent
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substrate. In a preferred embodiment the temperamre is from about 85°C to about
95°C. The: treatment is conducted until the. rate of change of solvent removal
5 becomes relatively insignificant. The tempersture and time selection depends on the
photoresist pnnmnmm.deﬂnuibw the user, as wmm,asthetmmunmau used and
commercially desired coating times. The coatmg substrate can then be exposed to
actinic radiation, e.g., ultraviolet 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
10 pattern, produced by use of suitable masks, negatives, stencils, templates, etc. (
- - The photoresist is tlten optionally subjected to a post exposure second baking
or heat treatment either before or after development. The heating temperatures may
range from about 90°C to about 120°C, more preferably from about 100°C to about
110°C.. The heating may be conducted for from about 30 seconds to about 2
15 minutes, more preferably from about 60 seconds to about 90 seconds on a hot plate or
| about 30 to about 45 minutes by convection oven. o
The exposed photoresist-coated substrates are developed to remove the
image-wise exposed areas by immersion in an alkaline developing solution or
~ developed by spray development process. The solution is preferably agitated, for
20 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
25 ~ optional post-development heat treatment or bake:to increase the coating's adhesion
and chemical resistance to etching solutions and other substances. The post-
developﬁiem 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 units on silicon/silicon dioxide-type substrates, the
30 developed substrates may be treated with a buffered, hydrofiuoric acid base etching
" solution. The photoresist compositions of the present invention are resistant to acid-
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exchange resin, followed by passing the novol ak resin solutlon
through the catlon exchange resin, and thereby reducing the | evel of netal
i ons Example 1

10 . ' - 80 grams of wet Amberlyst®21 anion exchange resin beads were placed in a
‘conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
The next morning the water was decanted, more deionized water added to cover the
resin beads and the flask was shaken slowly. The water was again decanted. The

15 rinsing with deionized water and decanting steps were repeated three additional times.
The resulting slurry of anion exchange resin was poured intol a glass column having a
diameter equipped with a porous disk and a stopcock. The resin was allowed to settle
to the bottom and the column was back flushed with deionized water for 25 minutes.
The resin was again allowed to settle to the bottom.

- 20 : - The bed length was measured and the bed volume was calculated as 125 ml.
A 10 percent sulfuric acid solution was passed down through the resin bed at a rate of
“about 10 ml/min. 6 bed volumes of the acid solution were passed through the resin

bed. An amount of deionized water sufficient to remove the acid was then passed
down through the resin bed at about the same flow rate. Six bed volumes of a 6

25 percent ammonium hydroxide solution was passed down through the column at the
same rate, followed by about 60 bed volumes of DI water to remove ammonium
hydroxide. The pH of the effluent water was measured to assure that it matched the
pH of 6.0 for fresh deionized water. 2 bed volumes of electronic grade methanol was
passed down through the column to remove water, |

30 55 grams of dry AMBERLYST®15 ion exchange resin beads were placed in a
conical flask and deionized water was added so that all of the resin beads were under



to Il ess than 100 ppb each, preferably I ess than 50 ppb, nore preferably

| ess 25 than 25 ppb and nost preferably | ess than 10 ppb;
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sol vent (s), foll owed by addition of or adjusting a sol vent
which is same sol vent used for .14 the photore5| st corrp05|t|on

- and produci ng a novol ak resin having a netal ion’ i
l ess than 200 ppb'each preferably 100 ppb nDre Té«
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phot osensi ti vVerrORRaHb¥ning the WA WES decanted, deionized water was added to cover the
" . resin beads and the flask was shaken slowly. The water was again decanted. The
rinsing with deionized water and decanting steps were repeated three additional times.
5 The resulting slurry of anion exchange resin was poured into a glass column equipped
with a porous disk and 2 stopcock. The resin was. allowed to settle to the bottom and
the column was back flushed with deionized water for 25 minutes. The resin was
again allowed to settle to the bottom.
The bed length was measured and the bed volume was found to be 100 ml. A
10 - 10 percent sulfuric acid solution was passed down t_h_rough.the resin bed at a rate of
- about 10 ml./min. 6 bed volumes of the acid solution were passed down through the
resin bed. 60 bed volumes of deionized water were then passed down through the
resin bed at about the same flow rate. The pH of the effluent water was measured to
assure that it matched the pH of 6.0 for fresh deionized water. Two bed volumes of
15 electronic grade methanol were passed down threﬁgh the column to remove the

330 g of novolak resin in PGMEA. (40% solution) was added to a beaker and
an equal amount of electronic grade methanol was added. The contents of the beaker -
was stirred and then passed through a 0.1 um (mircrometer) filter through a cleaned

20 and rinsed Amberlyst®21 ion exchange resin bed, folloWed by passage through an

* Amberlyst®15 ion exchange resin bed with a residence time of 12-15 minutes. The
methanol was distilled off to obtain a novolak resin solution in PGMEA (40% solids).
Metal analysis result before and after treatment are shown in Table 1 below.

1 "Na 429 - 15

Fe -~ - 156 7
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rinsing.a cation exchange resin with DI watgr, followed by rimsTmgWwTn a
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preferably less th preferably less than 50 ppb and nost
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with DI water, fol r
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gr ade non-netalli1c e. g. anmoni u ydr oxi de sol ution
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N rupture disk. Both kettles were then drained. _
10 o With all valves closed, 55 gal. of 10% ammonium hydroxide solution
(electronic grade, J.T Baker) were charged to the feed kettle. The agitator was set at

60 rpm and the temperature was maintained at 20-30°C. The feed kettle was

pressurized to 20 psig, using nitrogen, and the bottom outlet valve was opened to
siowly transfer the sulfuric acid solution through the resin canister through the open
18 inlet valve to the product kettle. The inlet valve was opened to provide a liquid flow
rate of about 0.35 gal./min. 'The feed kettle and product kettle were then drained, the
feed kettle outlet valve to the resin canister was closed and the feed kettle was rinsed
with deionized water.
450 gal. of deionized water was charﬁed to the feed kettle; the temperature
20 was maintained at 20-30°C and the agitator was set at 60 rpm. The feed kettle was
pressurized to 20 psig, using nitrogen, and the bottom outlet valve opened to slowly
transfer the water through the resin canister through the inlet valve to the product
canister at a liquid flow rate of about 1.8 gal/min. The pH of the water in the
product kettle was tested to assure that it matched the pH of 6.0 fresh deionized
25 water. The contents of the feed and product canisters were completely drained after
turning off the agitator and all valves were closed.
48 Ibs.'of wet Amberlyst® 15 cation exchange resin (38 Ibs. dry) were placed
"in a 1.2 ft.2 resin canister, having a pressure rating of 40 psig. Into a 500 gal. glass-
lined feed kettle, having a pressure rating of 100 psig, an agitator and a 3 inch 101
30 psig rupture disk, was fed 100.0 gal. of deionized water. The feed kettle was
pressurized to 20 psig, using nitrogen, and water was slowly transferred tlirough a
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5 percent sulfuric acid were charged to the feed kettle. The agitator was set at 60 rpm
and the temperature was maintained at 20-30°C. The feed kettle was pressurized to
20 psig, using nitrogen, and the bottom outlet valve was opened to slowly transfer the
sulfuric acid solution through the resin canister through the open inlet valve to the
product kettle. The inlet valve was opened so as to obtain a liquid flow rate of about
10 0.35 gal/min. The feed kettle and product kettle were then drained, the foed kettle ¢
outlet valve to the resin canister was closed and the feed kettle was rinsed with
deionized water. '
450 gal. of deionized water was charged to the feed kettle; the temperature
was maintained at 20-30°C and the agitator was set at 60 rpm. The feed kettle was
15 .pressurized to 20 psig, using nitrogen, and the bottom outlet valve opened to siowly
~ transfer the water through the resin canister through the inlet valve to the product
canister at a liquid flow rate of about 1.8 gal/min. The pH of the water in the
product kettle was tested to assure that it matched the pH of 6.0 for fresh deionized |
water. The contents of the feed and product canisters were completely drained after |
20 turning off the agitator and all valves were closed.
o 55 gals. of a 40% solution of novolak resin in PGMEA was charged to the
feed kettle and the temperature was maintained at 20-30°C. 55 gals. of electronic
grade methanol was added with agitation. The bottom outlet valve was opened
slowly to transfer the solution through a 0.1mm filter through an Amberlyst®21 resin
25 - canister, followed by an Amberlyst®15 resin canister at the rate of 0.7 gal./min. and
then into the product kettle. The resin solution was distilled to remove methanol to
obtain a substantially metals free novolak resin in a PGMEA solution. The metals
number, in ppb, for untreated and treated resin is shown in Table 2 below.
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the novol ak resin sol ution t hrough the éatldn exchange resin, and thereby
reducing the |evel of netal ions to | esg:than,100 ppb each, preferably |ess

t han WO096/21176 50 ppb, nore preferably |ess than 25 ppBCEU§5116385
preferably | ess than 10 ppb; d) disti-lling the novol ak resin
solution and thereby renoving the solvent(s),.p7- ' fol |l oned by

addi ng or adjusting the solvent which is sane sol vent used for
phot oresi st conpositions and produci ng a novol ak resin having a netal ion
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10 sufficient to photosensitize the photoresist conposition;

2) the said water ofmetals, are shownin Table2delow.e, aqueous al kali soluble, film
form ng novol ak resin having a | ow | evel ’ of total netal
lons and 3) a suitable solvent and thereby p% ng a

photoresi st composI TR | Untreated | Example2 | Example3 | Exampic4 | Example 5
Na 158 <5 <§ <5 <5
K <§ - <§ <5 <5
Fe 297 <5 <§ 56 24
Cr 10 <5 <5 6 7
Cu | <5 <5 <5 <5
Pb <5 <5 <5
) Mg <5 <5
Zn 7 27
Ca <5 7 87 <5
Al <5 S 59 s
Mo <5 <5 <5 '
Ni 25 19 17 8
s .
Example 6 .
60 grams of dry AMBERLYST®15 ion exchange resin beads were plaéed ina
conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
10 The next morning the water was ’decanted, deionized water added to cover the resin
beads and the flask was shaken slowly. The water was again decanted. The rinsing
with deionized water and decanting steps were repeated three additional times. The
resulting slurry of ion exchahge resin was poured into a glass column having a porous '
disk and a stopcoék. The resin was allowed to settle to the bottom and the column
15 was back flushed with deionized water for 25 minutes. The resin was again allowed

to settle to the bottom. o
The bed length was measured and the bed volume was found to be 120 ml. A
10 percent sulfuric acid solution was passed down through the resin bed at a rate of



f) coating a suitable substrate with the photoresist conposition; 15

g) heat treating the coated substrate until substantially all of the
sol ventwio®6/21176 renoved; inmage-w se exposi n@CIAES9S/16785 /
phot osensi ti ve composition and renovi ng t he i mage-w se

exposed areas of such conposition wth a siglable devel oper,
such as an aqueous al kal i ne devel oper. Optionally one may perform a baki ng
of the substrate either inmediately before or after the renobving step. 20

It has b foynd th filmf ' | g i n_havi - ly |
| evel of ot alA0PBh L4 Bl aa (.4 bedvamen ol the 2 gt apire phse fiySidt &g Fesln | "
densi _ - h&iaP o
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t he novol ak resin unless: (1) if is first dissolved | ol ar solvent, .or a
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through a catithrouglitheddlemhesi n, such as Anberlyst15; (3) the ion exchange

resins _ havi ng bot h been cl eaned as described above, and (4) a .
sol vent whi ch i s3QQgnemsiofnevalak resin in PGMEA 30% was added to a beaker and 300 grams

of PGMEA was added and the contents of the beaker were stirred for half an hour.
The novolak resin solution was passed through the resin bed at the same flow rate.

10 The resin solution was collected in a flask and distilled to remove methanol to obtain (
40% solution (solids) in PGMEA. The metal mal‘ysis result of untreated and treated
resin solution is shown below. | 3
Untreated  Fe - 500ppb
Treated  Fe = - 57ppb.

15



t he solvent or sol vents for the novolak resin solution is used to rinse

both ion exchange resins, prior to passing the novol ak resin
sot ution. thr%‘aaﬂ”cl% i on exchange resins to renovBCHESHYI6785ns .
WD 96/ 21176 PCT/ US95/ 16785 . gi ve
substantially the sanme results. However, a novg@bpak resin solution in a pure
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exchange resin,

such as a styrene/ divinylb

_ _ % § Eiatlon exchange 5
resin is utilized in the present process. S on exchange resins are

available from -
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“A 50 gram photoresist test sample was prepared according to the following
formulation:

RI 292 [A mixture of photosensitizers:
2,1,5-(70%) and 2,1,4-(30%) -
diazonaphthoquinone sulfonic acid ester (95% esterified)

of trihydroxyphenyl ethane] _ 2.51 gm
m Example 1 11.46 gm

PGMEA | 36.00 gm
10% FC-430 =[Fluoroaliphatic polymeric '
ester (98.5%), Toluene (1.5%) - available

m 3M]PGMEA solution ' 0.13gm

A 50 gm photoresist reference sample was prepared from this resin solution
and compared with an identical comparative photoresist sample using ‘qualified
untreated novolak resin (Resin 72, m-cresol/3,5 xylenol - 6.3/3 ratio, available from
Hoechst Celanese Corp).

Ph ist R le:

The photoresist test sample was coated on an HMDS (hexemethylene
disilazane) primed silicon ivafer to a 1.29 mm thickness and soft baked at 110°C for
60 seconds on an I-line hot plate (SVG® 8100). The photoresist reference sample
was also coated to a 1.29 mm thickness by the same procedure. The exposure matrix
was printed on the coated wafers using a 0.54 NA NIKON® i-line stepper and a
NIKON® resolution reticle. The exposed wafers were PEB (post exposure baked) at
110°C for 60 seconds on a the I-line hot plate. The wafers were then developed using
AZ® 300'MIF TMAH developer. The developed wafers were examined using a
HITACHI® S-400 SEM (scanning electron microscope). A nominal dose (Dose fo
Print “DTP”) was measured at the best fdcus, i.e. the dose required to precisely



Rohm and Haas Conpany, e.g. AMBERLYST[err] 15 resin. These resins typically
contain as nuch as 80,000 to 200,000 ppb each of sodiumand iron. Before

being wo096/21176 utilized in the process of the invention PCTESISHH8ExCchange ,
resin nust be treated with water and then a mneral acid solution

to reduce the netal ion |level. The cation €] n@ ﬁ BEEN
initially rinsed wth deionized water, followed by a Fﬁ? %E@é§ \M_‘J o
solution, such as a 10 percent sulfuric acid solutionl_rin RLAGER 1 i tlh
dei oni zed . wat er,_ rinsed again wth the mneral id solution and
once agai n ri mepligatg 2 given feature. PhaBsamedcrsotion o Geph g fq;“eimieawemat,
prior to deion] j hglil j ._ | Ait & th ion
exchange resi R@W%@&ﬁ%"?@@ 0 é%&\%%ﬁf}hse e %gdggag’g,&%&hat 15

| east conpati lphetospeddl: the noMesimiem®si n sol vent. The

novol ak resin I's preferably dissolved in a mxture of a non polar solvent,
such as propylkngQMmI net H)B5 BMGIBR acetate and a pol ar sol vent such as

met han in R i ; ltlpe sol al:io.of fromabout 1:2 to 2:1,
preferably ab . fi h a n%@@fl’%ﬁﬁl sin - solids content of from

about 5 percent to about 30% preferably from about 15%to 20 about
25% The novol ak resin solution may be passed through a col um containi ng

the i on excharkhe overalhperformanne 08 \novekak resin trested according $o ithe process of then

from about . ... 250 to 1500 b each, of sodi,um and.i.ron ions. ring
the process ofSUbifet Igy Was 8 gobd ”i’ﬁvgﬁ{‘fs ‘,’éi?‘ﬁé?é"lw < %P@%F%t& B to
as low as 10 RpSwhR delow. , 3 o _ '

10 | - : (
Example RMW  DIC DIP ~  Resoluiion  DOF
- - ml/em*® mi/em* - Hm 0.4 um 1/s
108 126 225 035 -0.2/0.4
9.5 20 370 0.35 0/0.6
87 8.8 80 145 040 0.4/02
9? 85 70 130 - 035 -0.6/0.4
This Sheet Has Been Replace
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The present invention provides a process for producing a photoresist 25
conposi tion and a ocess for producrmg—semn conduct or devi ces u5|ng¥such

phot or esi st ‘E’B $i on. conposition is formegCHP
an x adm xture oH H am“iﬂ m er, the subject water insoluble,

aqueous al-kali sol uble,

Wi$%i ng

rm ng2novol ak resin_and a suitable

sol vent. Suitabl e sol vents for such phot o- resi stq Tng SHEET HAS BEEN

novol ak resins may include propyl ene glycol nono- aIkyI et her|
propyl ene .gl ycol ablf%qu
et hyl - 3- et hoxypr oprona eSe

g. -nethyl) ether acetate,
ethyl | act at e, mxtures of

, 30 REPLACED

et hyl - 3- et hoxypr opilonat @ meod feb/protidings Vatep isbiubRC fqubfis alkill &6Méble, film forming

WD 96/ 21176

PCT/ US95/ 16785 novolak resin comprising: | -10-

8)

b)

d

washing an anion exchange resin w:th deionized water, washing said
anion exchange resin with a mineral acid solution, washing said anion
exchange resin again with deionized water, washing said anion
exchange resin with ammonium hydroﬁde, washing said anion

* exchange resin with deionized water again, and thereby reducing the

level of sqdihm and iron ions in said anion exchange resin to less than
200 ppb each; |

washing a cation exchange resin with deionized water, washing said
cation exchange resm with a mineral acid soluti;m, washing said cation
exchange resin with deionized water and thereby reducing the level of
sodium and iron ions in said cation exchange resin to less than 200 ppb
each;

providing a solution of a novolak resin in a mixture of polar and non-
polar organic solvents, in a solvent ratio of from 2:1 to 1:2, passing
said solution through a filter having a pore size of from 0.04 to 0.5
microns, passing said solution through said anion exchange resin and
thereby reducing the level of sodium and iron ions in said solution to
less than 200 ppb each;

- passing said solution through said cation exchange resin and then

distilling off the polar solvent to provide a solution of the novolak
resin in the nonpolar solvent having a sodium and iron ion content of
less than 100 ppb each F

2. The method of claim 1 wherein said anion exchange resin and said cation

‘exchange resin are both washed to reduce the level of sodium and iron ions to less
than 100 ppb each.

ThlS Sheet Has Been RTi
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di gI yme, ethylene glycol nonoethyl ether acetate. The preferred solvents
propyl ene glycol nethyl ether acetate (P

et hyI IWRWEHr opi onaH “ﬁm) Imﬂlw(ml) 3- net hoxy%%fm@at anol .

O her optional ingredi “I cl rants, dyes, _anti-striation agents, ~

5 | evel i ng. agents, Pl ast®ci zers, adliés-l on pr oj"piIGr SHEETPieAS! BEBN4ncer s,

sol vents and such" surfactants as non-ionj ¢ SURERCAGED S may be
added to the solution of PHS, sensitizer e the

phot or esi st cgnposi C erdin® Al 6F sdataiPdrasi of

dye additi vesgt hat f#ﬁ Bdgaﬁs(ggaﬁﬂb nﬁgr W Pﬁ fe& &ﬁmt or esl stmcnc‘) lmé)ssfnt %ens
np

of the nwohﬁ?&ﬁﬁ@uﬂdﬁﬁ@fé@ﬁéﬂtﬂeéﬂtﬂmmw iolet 2B (C. 1. No.

42535), Crystal Violet (C.1. 10 42555). Mal achite Green (C. 1. No.
42000), Victoria Blue B (C. 1. No. 44045) and _ Neutral Red (C1I.

No. 50040 Welale® Rr@nt:

combi ned \)/ve?;ﬁ?ngf %W@g%ww&?kﬁyﬁi’ﬁ' on%ﬁi[@ ves help pI’OVI the

i ncreased groupconsfsﬁﬁg)bﬁdeﬂﬁe,bmdthbtﬂdka scattering of Ilght of f
t he substrate. Anti-striation agents may be used at up to

about a five percent weight level, 15 based on the conbi ned melght

ncl ude, ai‘o?”‘e‘»xse” 3 Z%Eagmt?ﬁeni'cfﬁﬂw“tﬂi HoheRt e polyene in st o,

7 aci d; g%lf@%a pr)pPé@IlBHeeEl?colaﬁﬁﬂ@i eﬂeslmfawhanﬂxwmms;

and aIkyI re5|ns at’ about to ten percent melght | evel s,
based on the dnplhnom;landaetyyt-}othom-\mmmm.nd sensitizer. :

6. A method for producing a positive photoresist composition comprising:

*a)  washing an anion exchange resin with deionized water, washing said
anion exchange resin with a mineral acid solution, washing said anion
exchange resin again with deionized water, washing said anion
exchange resin with ammonium . hydroxide, washing said anion
exchange resin with deionized water again, and thereby reducing the
level of sodium and iron ions in said anion exchange resin to less than
200 ppb each; | | |

'b) washing a cation exchange resin with deionized water, washing said
cation exchange resin. with a mineral acid solution, washing said cation
exchange resin with deionized water again, and theréby reducing the
level of sodium and iron ions in said cation exchange resin to less than
200 ppb each; _ :

c) providing a solution of a water msoluble, aqueous alkali soluble, film
forming novolak resin in a mixture of a polar and a nonpolar organic |
solvents, in a solvent ratio of from about 2:1 to about 1:2, passing
said solution through a filter having a pore size of from about 0.04 to
0.5 micron, passing said solution through said anion exchange resin
and thereby reducing the level of sodium and iron ions in said solution
to less than 200 ppb each; -

Thls Sheet Has Been Re
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The pl asticizer additives inprove the coating properties of the nmateri al
and enabl e the 20 application of a filmthat is snmooth_and of

117 c
e N A W 5 e P

epoxy-cycl ohexyl ) -et hyl trirmet ho'><y§'i | dne par a-28:¢ hyt- di si | ane{ TRFSSHEET HAS BEEN
net hacyl at e; vinyl trichl orosil ane; and ganma- am no propyﬁEp CED
triethoxysilane up to about a 4 percent wei ght | evés

t he conbi ned wei ght of vol 0 . S
enhancers that may be uSed |W€d§&ﬁfgﬁh{é§€m°§ﬁ s":"jéiri&;czﬁ’ ""@‘Fﬁa&?%gﬁ‘?q‘“’“
acid or "~ nitroci nnadiumhﬁgloﬁ'me polarebslvént 2o Jtovide Genévolk 8blutide it ithe
based on the conbi ned ' t of novol ak and sensitizer. These
enhancers tend to increase tn@w&r@glmttlymsasodmmandqumnlsnmmfdmtthan 100

coating in both the exposed _exposed areas,. and fhus they are
used in applications when sp@ > devel opnent i s the overridi ng

consi deration even 30 ¢)  providiiy) afi utnikkasy o€ Of) @OpHotasehsiiY cBfponent in an

sacrificed; i. ‘whi | e 'the exposed areas of the WO 96/ 21176

PCT/ US95/ 16785 amount sufficient to photosensitize the photoresist composition, 2)
' said water insoluble, aqueous alkali soluble, film forming novolak resin

and 3) a suitable photoresist solvent.

7. - The method of claim 6 wherein said anion exchange resin and said cation
- exchange resin are both washed to reduce the sodium and iron ion level to less than
100 ppb each.

8.  The method of claim 6 wherein said organic polar solvent is selected from the
group consisting of acetone methanol, and ethanol.

9. The method of claim 6 wherein said organic nonpolar solvent is selected from
the group consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-
heptanone and ethyl-3-ethoxypropionate.

- 10. A method for producing a semiconductor device by producing a photo-image
on a suitable substrate comprising: '

a) washmg an anion exchange resin with deionized water, washing said
anion exchange resin with a mineral acid solution, wgshmg said anion
exchange resin with deionized water again, washing said anion

exchange resin with ammonium hydroxide, washing said anion
exchange resin with deionized water again, and thereby reducing the
level of sodium and iron ions to less than 200 ppb each;

b) washing'i cation exchange resin with deionized water, washing said

cation exchange resin with a mineral acid solution, washing said cation

' This-Sheet Has Beeri RT,aced exchange resin with deionized water again and thereby reducing the

|I|l| AT




TH' S SHEET HAS BEEN L '
REPLACED " photoresist.coating w1l be dissolved nore quickly by

t he devB@¥&1176 he hances will al so calReYSS46Wer | oss

~of photoresist coat ﬂmﬂ rI“IIH“M‘I"M“Bosed areas. | —The

. solvents may be present ¢ ntth® overtal|l campaasiti ogﬁ-wsa%léﬁ:foﬂm BEENUp to
95% by wei ght of the solids in the conposition. Sofvent&EPbACEDurse [are

substantially 5 ~ renoved after coating of the photoresrst—sefution

00,3 SUDSL Lot a1 90t et o i S 1 A

et hanol ; octyl phenoxy et Hb up to about 10% wei ght |evels,

based on the conbi ned wei ght of novol ak and sensitizer.

The prepared photoresi stpreviding o solutiomofie napplak ¢esin in & mixtuse ofinpolar andya 10

T P11 el b 3 oo
exanpl e, the resist so uf.ﬁo?a’sgiﬂg ’gﬁ- ﬁbﬁtﬁﬁou\ﬁhdaéﬂcter ha\)mgé gfpbﬁﬁelﬁbf‘ﬁ%rﬂ he

percent age of solids cont’en rder to pro oatin

desired thickness, given).0&am t00@.5qfm,gassing said sojutipmthrough sdid amion exchange
anount of , ~time gllowed for the spjnning process, Syitable .
substrates include silid§Hn and yeing the to mﬁmw lrpes%@e'svﬁ%n-

di oxi de, doped silicon dﬁo‘i’tﬁoﬁ% 1&&%%0%5%&9 ‘tantal um
d) passing said solution through said cation exchange resin, and then

distilling off the polaf solvent to - provide a solution of the novolak in (
the nonpolar solvent having a sodium and iron ion content of less than
100 ppb each;

e) providing an admixture of: 1) a photosensitive component in- an
amount sufficient to photosensiﬁie- the photoresist composition, 2)
said water insoluble, aqueous alkali soluble, film forming novolak resin
and 3) a suitable photoresist solvent;

f) coating a suitable substrate with said photoresist composition;

g) heat treating the coated substrate until substantially all of the solvent is
removed; '

h) | image-wise exposing said photoresist composition; and

1) removing the image-wise exposed areas of said photoresist
| composition with a suitable developer.

11.  The method of claim 10 wherein said anion exchange resin and said cation
exchange resin are both washed to reduce the level of sodium and iron ions to less
~ than 100 ppb. '

12.  The method of claim 10 wherein said photoresist solvent is selected from the
_group consisting of propylene glycol methyl ether acetate, 2-heptanone, ethyl lactate

~ and ethyl-3-ethoxypropionate. ,
This Sheet Has Been Reﬂlaced :




co’ﬁper pol ysilicon, ceram G‘&Tiﬂrrr@“ﬁ%ﬁ NTRERgey gallium arsenide -

.and ot her such G oup conpounds. I The
phot or esi st coatings produced by the med procedure are; &rfﬂlﬂ:uliar’él APR 1997
suitable for application to thermally silicon/silicon HiOXIde—coated——. __

waf ers, such 20 as are utilized in the production of nttépébrocessors,mv

:;;,and ot her mni aturized ﬂ,mgir RELIMIN l&ﬁmm -
‘al uni nunt al um num oxi de” war er cgﬁ%lpso lbe uéggr REPO subst rate my

al so conprise various polynmeric resi (ST AgiggasendR®uk W)t r anspar ent pol yners
such as pol yesters. The substrate nay have an adhesi on pronoted | ayer of a
sui tabl e conpositi on euc‘h as_ope containing hexa-al kyl

di si | az zﬁﬂ@‘“‘“?f?"m"‘m‘”m he bhotor esi st 8 NP@Satidri o Trasirdedl b1 nadichar t NN
coat ed orﬁg:;bbf substrate, a dron cHR s Btsiptinury Eeunfatiop Repert EermACTAPEA/LS)
terrperc """""" a=pep - = - 5 o =e . ‘Imh srivotrt
30 secq T p ate or for from atgoﬂltml r)
about PCT/US 959(16?{851ut es i 31¢&w19&5| on oven. Thi g4 8eM&fA%r e treat ment

IS sel qURuEkitonk PRtCHssiicalion (IPC) or national da@iieaion andIEC CONCENT T atl on o1 resi dual

sol ventl]s in the photoresist, whjl causi ng 30 subst anti al

t her mall_degradation of the ohots8§€7r& izer 1n general . one desires to

m ni m ekt concentration of solvents and this first tenperature treatnent

s HOECHST CELANESE CORP.

1.  ‘This international preliminary examination report has been prepared by this International Preliminary Exnmming
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 6 sheets, including this cover sheet.

Thi rt is also accompanied by ANNEXES, i.c., sheets of the description, claims and/or drawings which have
g o m and are tll‘:ep basis szr this report mdlor sheets containing rectifications made before this Authority

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).
Thenmmcsmmuofawmof&_m

3. This report contains indications and corresponding pages relating to the following items:

1[X] Basis of the report
m[] Priority
11t [_] Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
v [] Lack of unity of invention
v E/Reuomd statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
VI[ | Certain documents cited
VII [T} Certain defects in the international application
Vil [} Certain observations on the international application

Date of submission of the demand Date of completion of this report
29/07/1996 | 14, 04 g ,
Authorized officer '

Name and mailing address of the IPEA _

European Patent Office, P.B. 5818 Patentiaan 2 JM. Dupart

NL-2280 HV Rijswilk - Netherlands

@) Tol. (+31-70) 340-2040, Tx. 31 651 eponi,
Fax: (+31-70) 340-3016

Telephone
Form PCT/IPEA/409 (cover sheet) (January 1994) (1670871996 ) /




WO 96/ 21176 PCT/ US95/ 16785 -12-
REPLACED conducted until substantially all |,
evaporated and a thin coating of . ' phot or esi st| conyinteskationaiappiicationtNec

Order o an Yﬁ@m’iﬁhﬁﬁﬂf 80ller r%(‘si@n%gﬁww 2

pr ef er reg .
95[err] C The treatnment is conducted until the rate of change of sol vent
renoval 5 becones relatively insignificant. The tenperature and tine
sel ecti @n G5BREBFHe RPort NE phot oresi st properties desired by the
user, as well as the equi pment used and comercially desired
coatl ng times. The coating substrate can then be exposed to
actinic rﬁﬁl"’a't"ihﬁﬁ?“"é'w“PEH"PPWPU!"E’P”‘P’W?!F Wiigh have been uriziieniq taafegeiving Qfficefin regpanse to an
about 300™i#PrHEer are reforregt§2.f7 s 1aR9Cs s qriginaly ”%W%P%Wﬂr‘?”ﬂfé‘g?ﬁs’"f’dw Bad P
| aser rad?P48/ in any desired 10 pattern, produced by use of
sui tabl e masks, negatives, stencils, tenplates, etc.

[0 the International application as originally filed

[ thedescription, pages 17-19 ' , as originally filed
pages , filed with the demand
pages 1-16, 16a*, 20 » flled with the latter of 23.12.96
[3 theclaims, Nos. 6 (parf)-12 , as originally filed
Nos. | ' . , as amended underArﬁc;le 19
Nos. , filed with the daman;!
Nos. 1-8 (parf) + filed with the letter of 23.12.96
3 thedrawings, sheets /fig. , s originally filed
| sheets / fig. , flled with the demand
sheets / fig. | , filad with the letter of

2. The amendments have resulted in the cancellation of:
[0 the description, pages:
O theclaims, Nos.

0 the drawings, sheels / fig.

3 O mwmmmmaWbméan(moomMmemhadmtbeonmaue,smeomeyhavébeeneonswaredmgo
beyond the disclosure as filed (Rule 70.2 (c)).

4. Additional observations, if necessary:

* amended page 17 has been modified and renumbered 16a in order to fit in with the other
pages of the description.

Form PCTAPEA/408WP (Box I) (January 1694) sheet 1



Thé photoresist is then optionally subjected to a post exposure second
baki ng or heat treatnent -either before or afge
heati ng tenperatures nmay range from about 90, err]'E‘,"‘t'%‘°'&lﬁBB!l°="°"N°

120[ err]C, niWrénnwdﬂA@wsLimnﬁh? XA

2 15 ' m nut es, nor e preferabl y from about 60 seconds to about 90
seconds on a hot plate or about 30 to about 45 ninutes by

convect ivON QiEdhed statement under Article 35(2)-Uﬂﬁ r@%ﬁ%ﬁ ﬁgleﬁv;' Hvodies &tgt; or(iﬁmgtﬁgl aﬁ#‘ﬂ%l{lgtcﬂﬁions

are devel Opﬁde&ﬁarﬁﬁm\éﬁpﬂo uchstatemenl W S€ exposed areas
I n an al kal 1 ne ‘'devel opi ng sg ution developed by spray

devel opnment process. The solution |s preferably agitated, for 20
exanpl e,!- Bgtementt r ogen burst agitation. The substrates are allowed to remain

in the Novey devel oper until al lyg.0r supsfantially all, of the
phot oresi st coati ng has di ssol ved from P?é t he exposed ar eas. YES
Devel opers may include aqueous sol utieas of anmoni um or al kal i NO

met al hydroxides. One preferred hydroxide is tetramethyl ammonium
hydroxi de.  '™e"WeS® After renoval &FM he coated wafers fromthe devel opiYi§

sol ution, one may conduct an 25 opt | O% post - devel opnent heat
treatnment or bake to increase the coatnf ng' s hesi on and cheni c&l
resi stance t odetigipRaigol ut i ons andcaimber sSufgst ances. The post - YES

devel opment heat treatment can conprise the oven baking of the coating and
substrate bel ow the coating' s softefPMy point. In industrial applicationsNo
particularly in

2. Citations and Explanations

The following documents have been considered for the purposes of this report:

D1: WO-A-93/12152
. D2: JP-A-1 228560

1). The present applioation does not satisfy the criterion set forth in Article 33(3) PCT because
the subject-matter of claims 1-12 does not involve an inventive step (Rule 65(1)(2) PCT).

1a). Claims 1-5:

Document D1, which is considered to represent the most relevant state of the art, discloses a
method for producing a water insoluble, aqueous alkali, film forming novolak resin having a
very low level of sodium and iron ions (see example 13, page 25) comprising: '

(a) washing an Amberlyst 15 cation exchange resin with deionized water, followed by washing
with a 10% sulfuric acid solution and washing the resin with deionized water,

(b) washing the ion exchange resin with diglyme to saturate the column with a non polar
solvent,

(© providing an alkali soluble novolak resin dissolved in PGMEA (containing 1300 ppb of
sodium and 210 ppb of iron),

(d) passing the novolak solution through the cation exchange.resin and reducmg the level of
sodium and iron ions m the solution to less than 20 ppb,

from which the subject-matter of claim 1 differs in that:

Form PCTAPEA/409 (Box V) (January 1694) sheet 1



thé manufacture of microci rcuitry units on silicon/silicon dioxide-type

substrates, the 30 devel oped substrates may be t with a

butfered, hydrofluoric acid base etching sol dti on. lnt&'iiwonalappncanonuo
hot or esi st FERSA it ; ' ' are rlesista

\B\D 96/ 2 H76 an AflbﬂRE Fﬁk"mﬁﬁ Eg@hldﬁwﬁ BEbBHT hdse et ("Rl’tq:'{l}? s?é“ﬁ?%ns

and provj effe ectiqon for the unexposed photoresist-

coat !Dng (gﬂgﬁé’n&‘(’;f‘ﬁé Qgﬂ@rrﬁﬁ'@ Is dissolved in a mixture gha podan and aiaspeelar selvent,

exanpl es’ will provide detailed illustrations of the met hods of

e 00 S R BB el iR e S e gl G005

exanpl e
i nvent i ¢4iand

(ili) the present method utilizes an anion exchange resin to purify the novolak resin solution
followed by purification of the same solution with a cation exchange resin.

The problem to be solved by the present invention may be regarded as improving the
purification method of D1.

The present claimed invention allows the reduction of the metal ions to less than 5 ppb (Table
2, Examples 2, 3, 4 and 5). However, such a result was already achieved in document D2 -
wherein a method to reduce metal ion impurities from solutions used in semiconductor
production is disclosed, which method uses a mixture of cation exchange resin and anion
exchange resin in the ratio of from 5 to 95 or 95 to 5 wt%. In the examples of this document the
Na concentration was reduced from 60 ppb to 3 ppb. Inasmuch as the metal ion levels
obtained with the method of D2 (less than 5 ppb) look as good as these of the present method,
and since there is no comparative example corresponding to the method of D2, the present
process modifications of claims 1-5 seem to be merely some of several possibilities from which
the skilled person would select, in accordance with circumstances, without the exercise of
inventive skill in order to find an alternative method of purification.

1b). Claims 6-9:

The method for producing a positive photoresist composition (subject-matter of present claims
6-9) which consists in mixing a photosensitizer, the novolak resin having a very low level of
sodium and iron ions, prepared in claim 1, and a solvent is a matter of normal design procedure
for the skilled person (see D1, claim 27) and, consequently, it cannot be considered as
involving an inventive step.

1c). Claims 10-12:

The method for producing a semiconductor device (subject-matter of claims 10-12) which
consists in coating a substrate with the photoresist composition of claim 6, heat-treating the
coated substrate, image-wise exposing said resist and developing it, is also suggested in D1
(see claim 34) and, therefore, it cannot be considered as inventive.

Form PCTAPEA/409 (Box V) (January 1894) sheet 2



any way and should not be construed as providing conditions, paraneters or

val ues whi ch nust be utilized exclusively ierLdeL to practice
the present invention. 80 grans off wet intetdagdnbiygplidatianiNp.2 |

et o Zﬁﬁﬂ&ﬂéﬁ%ﬁ?iﬁmﬂgﬁ%ﬁnﬁamm edde. uer ECTARRENERES

wat er. The flask was seal ed and all owed to stand overnight to swell the

resin beads. The next nDrning the water was decanted, nore
deionizg? wat er added to cover resin beads and the flask was
shaken dfow y. Th&eURIR defecizin “‘Sdﬁf'ﬂ"'aé‘i’,a?ﬁ“éﬂmThe 15 rinsing wth

dei oni zed water and decanting steps were repeated three additional tines.
The r es uhelididhlg delotts i o 6t otBritents of @ BB appRSor havedsen Rutidy €d i Nt o a gl ass col um

:‘2;: "9 13.On page 8, I{r@saé???rtrﬁ%ﬁdiﬁﬁ%kﬂré%lﬁn p%ﬁ(%{rlglgﬂbﬁglsaﬁgs %eﬁh%ﬁ%'édbqy‘k
flus hedeltt wmpm phanals: dherhasedor sueh aéaodmcatlon is not-phwviqussfon thexskiligd parson
al | onedndotterblore émﬁdmeb@édefmd PArticle 19(2) PCT and ﬂiﬁclbm(éﬂﬂppm\)vas

measured and the bed vol ume was cal cul ated as
percent sul furic acid solution was passed down through the resin bed at a

rat e of2). On page 10,dineut8 fiid acrohymPHS" hasinei beengeplaced dydhevordl “abvolak”.
were passed through the resin

3). Amended page 17 has been corrected by the examiner and renumbered as 16a in order to
fit in with the other pages of the description. '

Form PCT/PEA/409 (Box V) (January 1994) sheet 3



bed. An anount of deioni zed water sufficient to renove the acid was then

passed

down through the resin bed at about t flow rate

Si x bed volunmes of a 6 25 per cent anmoni um hydr gxi de Imaxatidnal@pplivsfich No.

passed down UNTERWATIONAL PRELIMINARY ERRMvaTION REPORF™ "1 S T O'ecGiiddeRt e

about 6

The pH of the effluent water was neasured to assure that it mat ched t he
pH of 6.0 for fresh delonlzed wat er. 2 bed vol unes of el ectronic grade

met hanol v certain obse ugh the colum to renove water, 30
ertain o rvati rt%gtmgngl apRlic

55 grans of dry AIVBERL

coni cal

ﬁﬂge resin beads were placed in a-
fl ask and delonlzed wat er was added so that all of the resin beads

wer e und&e following obsafibhie/orl th clefity of the claims, description, and drawings or on the question whether the claims are fully supported by
PCT/ US95 th4 @&5@idion, are made:

1). It is clear from the description (see page 8, lines 27-31; page 9, lines 19-21; page 14, lines
2-3 and 19-21) that the following feature is essential to the performance of the invention.

“It is..critical that, prior to deionization of the novolak resin solution, both ion exchange resins
are rinsed with a solvent which i is the same as, or at least compatible with the novolak resin

solvent.”

Since independent Claims 1, 6 and 10 do not contain this feature they do not meet the

_requirement following from Article 6 PCT taken in combination with Rule 6(3)(b) PCT that any

independent claim must contain aII the technical features essential to the invention.

2). On page 8, lines 25, 27 and 28 the meaning of the figures in parentheses “(2)”, “(3)” and
“(5)" is not clear.

3). On page 18, line 30, the filter pore size of 0.1 mm is not consistent with the range of pore
sizes stated in claim 1 (0.04-0.5 pym). -

4). Example 2onpage 15is unctear in paragraph 2 an ammonium hydroxide solution is
charged to the feed kettle. Strangely enough, it is a sulfuric acid solution which is transferred
from the feed kettle to the resin canister.

5). On page 20, examples 6, 8 and 9 have not been properly defined. There is already an
“example 6" on page 17 of the present descnptlon Moreover, the difference between example
8 and example 9 is not clear. -

6). In the table of page 20, the meaning of the question marks in front of examples 8 and9is
not clear. Moreover the acronyms RMW and DTC have not been defined.

Form PCTAPEA/409 (Box VIII) (January 1994) sheet 1



wat er . Thé-'flasbA\Qgtgglseal ed and all owed to stand overnight to swell the

resi n- beads.. The next norning the water was decanted, deionized :
wat er was added to cover the ‘resin beads and the flask was shaken-
slowy. The water was again decanted. The. ' rinsing with deionized .

wat er and decanting steps were repeated thrée additional tines. 5

The resulting slurry of anion exchange resin was poured into a glass colum
equi pped’ - w th a porous-di'sk-ang a .st.opcock:. The resin was allowed
to settle to the bottom and t het€ was back flushed with

dei oni zed water }aka140n Refithida In ﬁ%@ofaﬁiﬁé %n%§AnIon %xcﬁ@' zﬁa_lggtl%%f‘ofap :
settle to the bo € De Wwas measur ed. an he
bed vol une was found to be Sél¥entiAndPhbboresists CompOsitiensCEheteframhf uri ¢ aci d

sol ution was passed down through the resin bed at a rate of . about
10 m./min. 6 bed volunes of the acid solution were passed down through the

resin bed. 60 bgd Moky -1he) r were then passed down through = |
t he : g rggi‘“. %“Wéﬁﬁ%ﬁtuc sane Tl ow rate. The pH of the effluent

wat er was measured t Qhe present inveritivaleRtdshdl a ipfoddBy forgftodiingd bl wite ifdofuble,
fresh deionized water. Two bed vol unes of 15 el ectroni c grade

net hanol were pagueeus dtkali solbley §im forming novalak tesinckaying amextremely low lexghofr .
- - 0 N 1 - .
530 g of novol el Lesth i, PVER A0 SeLUt L) 50 o S TR

- compositions useful in positive-working photoresist compositions. Further, the

10 present invention relates to a process for coating substrates with these light-sensitive
compositions as well as the process of coating, imaging and developing these light-
sensitive mixtures on substrates. .
WO-A-93/12152 and JP-A-1228560 represent the closest prior art. WO-A-
1 93/12152 discloses a process for producing a novolak resin having a low level of
15 metal ioné, which cdmpn’sés Washing a cation exchange resin with deionized water,
. sulfuric acid and then deionized water, washing the cation exchange resin with a non
~ polar solvent such as-diglyme, providing a novolak resin, having a high level of metal
ions, dissolved in PGMEA; passing the novolak resin_sblution through the treated
«cation exchange resin and reducing the level of sodium and iron ions in the solution to
20 as low as less than 20 ppb. JP-A~1228560 discloses a method for reducing metal ions
| in solutions used in semiconductor production using a mixture of a cation exchange
resin and an anion exchange resin. | |
Photoresist compositions are used in nﬁcroﬁthography processes for making
miniaturized electronic components, such as in the fabrication of computer chips and
25 . integrated circuits. Generally, in: these processes, a thin coating of film of a
| photoresist composition is first applied to a substrate material, such as silicon wafers
" used for making integrated circuits. The coated substrate is then baked to evaporate |
substantially all of the 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

30 image-wise exposure to radiation. |
| REPLACEMENT SHEET}
AMENDED SHEET
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an'equal anount of el ectronic grade nethanol was ayg : N’p |§ of the
beaker was stirred and then passed throup

(nmcrcroneter) filter through a cl eaned 20 ahd r| nsed
Anberlyst[err] 21 ion exchange resin bed, followed byj|p B@&'\gﬂ{’o h an
Anber|lyst[err] 15 ion exchange resin bed wifi"a residgnce_tine of -5

m nutes. The nmet hanol was distilled off §o obtain a novolak resin
solution in PGQVEA (40% solids). . Met al analysis—+estt+—pefot e and

after treatnment are Thiswadiationlexpbsurd ciagkoachemiedl transformation in the exposed areas
Table 1 . Examl e Metals Bef or e
Aft er of the coated surfage. Visible light, ultraviget (UV) light, electron ggagn and X-ray
%5 radiant energy are radiation types cftﬁmonly used today i (?nicrolithographic
REPLACEMVENT SHEprbcesses. After this image-wise exposure, the coated substrate is treated with a
5 developer solution to dissolve and remove either the radiation-exposed or the
unexposed areas of the coated surface of the substrate.

. Metal contamination has been a problem for a long time in the fabrication of
high density integrated circuits and computer chips, often leading to increased defects,
yield losses, degradation and decreased performance. In plasma processes, metals

10 such as sodium and iron, when they are present in photoresists, can cause
contamination especially during plasma stripping. However, these problems have
been overcome to a substantial extent during the fabrication process. For example, by
utilizing HCI gettering of the contaminants during a high temperature anneal cycle.

As semiconductor devices have become more sophisticated, these problems

15 have become much more difficult to overcome. When silicon wafers are coated with
a liquid positive photoresist and subsequently stripped off, such as with oxygen
microwave plasma, the performance and stability of the semiconductor device is often
seen to decrease. As the plasma stripping process is repeated, more degradation of
the device frequently occurs. A primary cause of such problems has been found to be

20 the metal contamination in the photoresist, particularly sodium and iron ions. Metal
levels as low as 1.0 ppm in the photoresist have been found to adversely affect the
properties of such semiconductor devices.

Novolak resins are frequently used as a film forming polymeric binder in
. liquid photoresist formulations. These resins are typically produced by conducting a

25 condensation reaction between formaldehyde and one or more multi-substituted

phenols, in the presence of an acid catalyst, such as oxalic acid or maleic anhydride.
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 exposed to the radiation

30 become less soluble to a developer solution (e.g. a cross-linking reaction occurs)
while the unexposed areas of the photoresist coating remain relatively soluble to such

AMENDED SHEET
IPEAEP



Exéirrpl e 2

ani on exchange resin [err]

meter[err]

275,790 PA (40 psig).
696, 370 PA (101 psiQ)

dei oni zes

through a [err]

21.77 Kg (48 ibs.) of we [ 21
58 1bs. dry) M%EPIHQE NT %EETﬁ
[err] resin canister having a pressure rati
Into a [err] liter (5Q0 .gal gl as -M(ﬁ@&&@gé [err] 5
having a pressure rating of 589,475 PA (100-psig), ap @aitator and [bry]
rupture disk was fed 422 litefs ([err]) gal of
wat er. The feed kettle was press PA
(20 psig) using arsolutione rThamsdtreatment of an expasdr negativesworking tesist ithra developer
t hrough t re5|n sapi st ey t hr oygh
the fagerrpesedcareascofithe pﬂgospsm caating and the ﬁ{faB?n

outlet v
feed val ve int o c8usgd &%'Eo‘fah ﬁg

10

15

20

25

30

of a negative image in the coating. Thereby uncovering a desired portion of the
underlying substrate surface on which the photoresist con'lpqsition.was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition exposed
to the radiation become more soluble to the developer solution (e.g. a rearrangement
reaction occurs) while those areas not exposed remain relatively insoluble to the
developer solution. Thus, treatment of an exposed positive-working photoresist with
the deveioper causes removal of the exposed areas of the coating and the creation of ﬁ
positive image in the photoresist coating. Again, a desired portion of the underlying
substrate surface is uncovered.

| After this development operation, 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 of 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, after the
development step and before the etching step, to increase its adhesion to the
underlying substrate and its resistance to etching solutions. |

Positive working photoresist compositions are currently favored over negative
working resists because the former generally have better resolution capabilities and
pattern transfer characteristics. Photoresist resolution is defined as the smallest
feature which the resist bomposition can transfer from the photomask to the substrate
with a high degree of image edge acuity after exposure and development. In many
manufacturing applications today, resist resolution on the order of less than one
micron are necessary. In addition, it is aimost always desirable that the developed
photoresist wall profiles be near vertical relative to the substrate. Such demafcatiohs
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10 1,034,212 PA (150 psig) and a 5.08 cm (2

PA/ 689. 475 PA (I C0/ 100 " psi g) double ruptur es
were then drai ned. Wth all. valves s (55
gal.) of 10% ammoni um hydr oxi de 20| ution J. T
Baker) were charged to the feed kettle. The%*agitator [ at

60 rpm and the tenperature was nmaintai ned at 20-30[efr] C. The feed ketfle

15 was pressurized to 137,895 PA (20 psig), uding-hitregen—and the
bottom out | et Visdtween develoﬁed and undesecloped ureastof the fglst/cdating sranslate livto avearaieum
hydr oxi de sol ution through the resin canister t hrough t he open

inl et val ve to paterpiransirrof thermask imyppoontathe substrate. was opened to
provide a liquid flowrate of about 1.48 liters/mnute (0.35 gal/mn.). The

feed kettle and product kettle were then drained, the feed
kettle outlet valve to the resi SUMNMARY OF2LHE INVENTION cl osed and the feed
kettle was rinsed with deionized water. 1901 liters (450

gal .) of Sdei oni zed whepresent ityentiond relates to & cpsacesstfor cproduging novolak resin
t t . Nt ai d at ,20-30 C dth | t t, 60
o The feed . conpimingcRitemly 165 1EYGF oF meeliond, | TG nidhgn RRer Biptfl 1o
using nitrogen, prdbéks ?Jﬁnﬂé’ﬁ% %ﬁtﬁ)&\b&ﬂdﬂg photoresists con‘fﬁhihg ﬂf&@ﬁ@%ﬁ@rzegih%ﬂﬁ

transfer the water through resin canister through The inlet
val ve to the prphdtesensitiser,stapd to @ process dfdrl wsing asuchofphatooesists’ i producing
liters/mnute (1.8 gal./mn.). The pH of the water in the

product kettl e Yeucondugtordevicesssyre that it

10 The process of the subject invention provides water insoluble, aqueous alkali

soluble, film forming novolak resins obtained by condensing, in a solvent, a mixture of -
. one or more metliyl phenols and formaldehyde, in the presence of acid catalyst. After '

the condensation reaction is completed, the novolak resin is isolated by a distillation

process to remove the water, unreacted formaldehyde, unreacted methyl phenols and

15 the reaction solvent. A suitable solvent, or a mixture of solvents, containing at least
one polar solvent is added to the novolak resin.

The novolak resin obtained have extremely low levels of metal ions, such as
iron, sodium, potassium, calcium, magnesium, copper and zinc. The metal ion level is
less than 500 ppb each. Sodium and iron are the most common metal ion

20 contaminants and among the easiest to detect. The level of these metal ions serves as
an indicator of the level of other metal'ions. The level of sodium and iron ions are,
respectively, less than 100 ppb and 400 ppb each, preferably less than 75 ppb and 300
ppb, more preferably less than 50 ppb and 200 ppb, even more preferably less than 30
ppb and 130 ppb and most preferably less than 10 ppb and 10 ppb each.

25 Water insoluble, aqueous alkali soluble, film forming novolak resins having
extremely low level of metal ions may be obtained by condensing a mixture of one or
more methyl phenols and formaldehyde, in presence of an acid catalyst, in a suitable
solvent. After the condensation reaction is completed, the novolak resin is isolated by
a distillation process to remove the water, unreacted formaldehyde, unreacted methyl

30 - phenols and the solvent. A suitable polar solvent, or a mixture of solvents, containing
a polar solvent is added to the novolak resin.
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mat ched the pH of 6.0 fresh deionized water. The cqntents . of—the—ie and -

product cani sters were conpl etely drai gEPBA@EMENT SHDE}_‘ bf f t he
agitator and all valves were cl osed. 1. 77
Kg (48 I bs.) of wet Anberlyst[err] 15 cation excharnge Kg -

38 I bs. dry) were placed in a .03 rreter[err]s'(l.z fit . [efS]grtéiﬁé Faﬂ ster,

havi ng a pressure
-16- rating of 275,790 PA (40 psig). |
gai.) glass-lined feTHiskedtéd iftsoluble, aqueous alkali soluble,

extremely low level of metal ions may also be obtained by: 1) filtering the novolak
resin through a 0.1 pm filter, followed by utilization of a cation exchange resin or 2)
by utilizing a combination of an anion and a cation exchange resin to purify such

to a 2112 liter (%00
K Tesin having

5 novolak resin in a polar solvent or a mixture of polar and non polar solvents followed
by removing the solvent and then adding or adjusting the solvent level by adding a
solvents which is same as the solvent( s) used for photoresist composition.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 The present invention provides a process for producing novolak resin having

an extremely low level of metal ions. In one embodiment, the process utilizes a cation
exchange resin to purify the novolak resin solution in a mixture of a polar and a non
polar solvent. In a particularly preferred embodiment, the subject process utilizes an
anion exchange resin followed by purification of the same solution with a cation
15 exchange resin. The subject process comprises:
| a)  rinsing a cation exchange resin with deionized (DI) water, followed by rinsing
with a mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid), followed by rinsing again with DI water, and thereby
reducing the level of sodium and iron ions in the cation exchange resin to less
20 than 200 ppb each, preferably less than 100 ppb, more preferably less than 50
ppb and most preferably no more than 20 ppb;

b) rinsing an anion ion exchange resin with DI water, followed by rinsing with a
mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric
acid), followed by rinsing again with DI water, then rinsing with an electronic

25 grade non-metallic (e.g.ammonium) hydroxide solution (normally a 4-28%
solution),followed by rinsing again with DI water, and thereby reducing the
level of sodium and iron ions in the anion exchange resin to less than 200 ppb
each, preferably less than 100 ppb, more preferably less than 50 ppb and most
preferably no more than 20 ppb;

30 c) dissolving the novolak resin in a polar solvent, or in a mixture of a polar and a

| non polar solvent, and passing the novolak resin solution through the anion ion
AMENDED SHEET
IPEA/EP



hax)i ng a pressure rating of 689,475 PA 100 psig), afpagr
cm(3 inch) 696, 370 PA (101 psig) rupture A@E@W@Mf iters
(100.0 gal.) of deionized water. The feedjkettle was prespuri zed

to 137,495 PA (20 psig), using nitrogen, and. 5 W2 BDECH96 !
transferred through a bottomoutlet valve through the|resin cani st
through a feed valve into a glass-lined product ket{l €&, having a pre sure
rating of 1,034,212 PA (150 psig) and a 508 cm (2 inch) 689,475
PA/ 689, 475 P. A (100/ t®¢hange resin follopsdq:)y phssibg ¢he sglotiorethdough a Ration Iemhahges

wer e then drained. Ives cl ogsed,, 2 liter 55
gal .) of deionized wiesin andhenchy, rﬂ""f@ t?wealevel ggss)ih@p%ég lﬂg’r (

sul furic acid were chatgagitiRsst f ke %'Qfab ) d

set at 60 rpmand th terrp rlgst'su?gmv\gq’ﬁal ?ll{déigr?e y Sgézlﬁhr??@pbﬁ“ eed
kettl e was ' preferablyléss dantl® ppdy, 895 PA (20 psig), using nitrogen,
and the bottom outl e ned tQo slowy transt

t was, ] r the
sul furic sacid s@uti dﬁ"ﬁilﬂ &Fdﬁsmﬁ@luF‘B%W@ﬁ?ggf@°W@E@H“ solvent(s? fobcp,wged

open inlet valve to to
obtain 15 a l ?’g @ﬁ@?ggv&r o¢°fg'g ?"’?‘l‘%"em ers nut e@%% tgg sdie
gal ./mn.). The feed sil®ért! esednfdr photorestst conpoditions dn&tﬁx‘oéud@a héwotak resin
drai ned, the feed kettle outlet valve to the resin canister

closed and the feed Kelutipn haying metal devel§ oflesi-theni208 pphasach, preferably 100 ppb,

tho 7S (%D o bRy ehf P B 80 SRR orb el el (b

set at 6fp rpm The fqpd present invention further provides a process for producing a positive

photoresist composition having a very low level of metal ions. The subject process

comprises: ' _ ' _

a) rinsing a cation exchange resin with DI water, followed by rinsing with a
mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric

15 acid) followed by rinsing again with DI water and thereby reducing the level of
sodium and iron ions in the ion exchange resin to less than 200 ppb each,
preferably less than 100 ppb, more preferably less than 50 ppb and most
preferably no more than 20 ppb;

b) rinsing an anion exchange resin with DI water, followed by rinsing with a

20 mineral acid solution (e.g. a 5-98% solution of | sulfuric, nitric or hydrochloric
acid) followed by rinsing again with DI water, then rinsing with an electronic
grade non-metallic (e.g. ammonium) hydroxide solution (e.g. a 4-28%
solution),followed by rinsing again with DI water, and thereby reducing the
level of sodium and iron ions in the anion exchange resin to less than 200 ppb

25 each, preferably less than 100 ppb, more preferibly less than 50 ppb and most
preferably no more than 20 ppb; .

c) forming a solution of the novolak resin in a polar solvent, or in a mixture of
polar and non polar sol_vents, and passing the novolak resin solution through
the anion exchange resin, followed by passing the novolak resin solution

30 - through the cation exchange resin, and thereby reducing the level of metal ions
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%

20 kettle was pressurized to 137,895 PA (20 gd$
and the bottom outl et val ve opened to slfo
t heough the resin canister through the inlet
product canister at a liquid flow rate of ahout 7.6\I
gal./mn.). The pH of the water in the prodd%i kett]e rested to assure
that it mat ched the pH of 6.0 for fresh ¢leioni zed he

contents of the feed and 25 product cani sters re conpl etely drai ned

after turning off "t heo %@k tiRinOI00psb dch, prefetstily less than SO ppb)ahérecprefetibly less
232 liters (55 gals.) of a 40%s‘cs)llsbution of noj\’/ol ak resin in PGVEA was

char ged to t Heani2Sqnpbiaad mast preferablplessthpr 10 ppbie was nai nt ai ned at
20-30[err] C. 232,litegr o) al s . . 0 ectronic.qrade th | \was
2dded vi th agtt i on S8 SheiRyblek revin solytipd ncsiieby SEinGik ApoF sORGR )
transfer the sol uti ofplicwed ' additionloflor adjtistrigod8619ént vihith B'saierselvght dsed for
Anberlyst[err]21 resin canister, followed by an Anberlyst 15 resin canister
at the rdte the photoresist composition and producing a novolak resin having a metal ion

level of less than 200 ppb each, preferably 100 ppb, more preferably less than

50 ppb, even more preferably less than 10 ppb.

: e)' providing an admixture of. 1) a photosensitive component in an amount

y transfer t

e WS the
 pEhRe e it ls

sufficient to photosensitize the photoresist composition; 2) the said water

10 insoluble, aqueous alkali soluble, film forming novolak resin having a low level
of total metal ions and 3) a suitable solvent.

The invention further f)rovid&s a method for producing a -semiconductor
device by producing a photo-image on a substrate by coating a suitable substrate with

a positive working photoresist composition, the process comprising :

15 a) rinsing a cation exchange resin with DI.water, followed by rinsing with a
mineral acid mluﬁon (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric
acid) followed by rinsing again with DI water, and thereby reducing the level
of sodium and iron ions in the cation exchange resin to less than 200 ppb each,
preferably less than 100 ppb, more preferably less than 50 ppb and most

20 preferably no more than 20 ppb; _ _

b) rinsing an anion exchange with DI water, followed by rinsing with a mineral
acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric acid)
followed by rinsing again with DI water, then rinsing with an electronic grade
non-metallic (e.g.ammonium) hydroxide solution (eg. a 4-28%

25 solution),followed by rinsing again with DI water, and thereby reducing the
level of sodium and iron ions in the anionic ion exchange resin to less than
200 ppb each, preferably less than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb;

c) forming a novolak resin solution by dissolving the novolak resin in a polar

30 solvent, or in a mixture of polar and non polar solvents, and passing the
novolak resin solution through the anion exchange resin, followed by passing
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The procedure of exanple 2 was repeated three

Table 2
Exanpl e 2 Exanple 3 Exanple 4  Exanpl

Pé@?ﬁt : i n ppb of r_nit al's, are shown in [T SHEET HAS BEEN
, REPLACED

<5 <5 <5 <5
the noviﬁak resin solution ﬂﬁ‘ough the cation<éxchange resin, aﬁdi thereby

reducmgﬂy level of metal i mng', to less than 100 lgb each, preferably7less than
50 ppb, Iggre preferably less thgix 25 ppb and mogg preferably less than 310 Iggb;
distilling the novolak resin solution and thereby removing the solvent(s),
followed by adding or adjusting the solvent which is same solvent used for
photoresist compositions and producing a novolak resin having a metal ion
level of less than 200 ppb each, preferably 100 ppb, more preferably less than
50 ppb. even more preferably less than 10 ppb;.

providing an admixture of 1) a photosensitive component in an amount
sufficient to photosensitize the photoresist composition; 2) the said water
insoluble, aqueous alkali soluble, film forming novolak resin having a low level
of total metal ions and 3) a suitable solvent. and thereby producing a
photoresist composition; -

coating a suitable substrate with the photoresist composition,;

heat treating the coated substrate until substantially all of the solvent is
removed; image-wise exposing the photosensitive composition and removing
the image-wise exposed areas of such composition with a suitable developer,
such as an aqueous alkaline developer. Optionally one may perform a baking
of the substrate either immediately before or after the removing step.

It has been found that a film forming novolak resin having an extremely low

level of metal jon contamination cannot readily be obtained by first condensing multi
functional phenols and formaldehyde, in the presence of a catalyst, isolated the
condehsate resin in non polar solvents, then attempting to remove the metal ions from
the novolak resin unless: 1) it is first dissolved in a polar solvent, or a mixture of
solvents containing polar solvent (2) the novolak resin is then paésed through an anion

exchange resin, such as Amberlyst®21, followed by passing the novolak resin solution
through a cation exchange resin, such as Amberlyst®15, (3) the ion exchange resins
having both been cleaned as described above,(5) a solvent which is compatible with

the solvent or solvents for the novolak resin solution is used to rinse both ion

‘exchange resins, prior to passing the novolak resin solution through the ion exchange

resins to remove metal ions.

This Sheet Has Been
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anple 6 60 grans of dry AMBERLYST[err]15 ion exchange
resin beads were placed in a coni cal flask and dei oni zed water was

added so that -al |l of It was tikpectédiyp fsundaehat dddilivn of a polar solvent Suich ashethhrs K
was seal ed and allowed to stand overnight to swel| the resin beads. 10

The next nor ni ngthangl, agetane, mixdurgs theseafdor ajmbdureafr prlarcandronpglar solventde a he

Gecant ed. The r ARG fm soltfioh, §Fthe VB8 of ARS A sciyeftto o Kt Bk sy piEn"
were repeated t Breafly Blflititingthé rdnd¥Rbof el ions, to produce'a it fofniAg Kovolaltesin0

inon
exchange resin was poured into a glass colum having a porous di sk
and a st dpcock. having an skiremely low|level ®f tmetalcion | contaminationh dit twas alsoi found that

O S aai N lak f3RR Solution fia putls pOlsf SoIget Sirln B Thiturs, o polar Solveits: would "

resin was agai n?4Y9

The bed length ygRe sibsamtialy tid \dAnle Rl THORVETE a Wavolhl Yékh Sdlufich 28 plite noh
| polar solvent, such as PGMEA, did not deionize nearly as well, except in the case of
_ sodium. '
10 A cation exchange resin, such as a styrene/ divinylbenzene cation exchange
resin is utilized in the present process. Such cation exchange resins are available from
. Rohm and Haas Company, e.g. AMBERLYST® 15 resin. These resins typically
contain as much as 80,000 to 200,000 ppb each of sodium and iron. Before being
utilized in the process of the invention, the ion exchange resin must be treated with
15 water and then a mineral acid solution to reduce the metal ion level. The cation
exchange resin is initially rinsed with deionized water, followed by a mineral acid

solution, such as a 10 percent sulfuric acid solution, rinsed again with deionized

water, rmsed ‘again with the mineral acid solution and once again rinsed with

 deionized water. It is also critical that, prior to deionization of the novolak resin

20 solution, both ion exchange resins are rinsed with a solvent which is the same aé, or at
least compatible with, the novolak resin solvent.

The novolak resin is preferably dissolved in a mixture of a non polar solvent,
such as propylene giycol methyl ether acetate and a polar solvent such as methanol in
the solvent ratio of from about 1:2 to 2:1, preferably about 1:1 with a novolak resin

25 solids content of from about 5 percent to about 30%, preferably from about 15% to
about 25%. The novolak resin solution may be passed through a column containing
the ion exchange resins . Such novolak resin solutions typically contain from about
250 to 1500 ppb each of sodium and iron ions. During the process of the present
invention, these levels are reduced to as low as 10 ppb each. |

30 The present invention provides a process for producing a phbtoresist

composition and a process for producing semiconductor devices usixig such
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(RFﬁEAélEMEI‘g%ﬁHﬁEﬁ‘ acid solution was passed down through the resin bed at

rare—of 6/ 21176

/ U : _ - 18-
%utégéﬁgaﬁ ni(4 6 bed volunmes of the acid solution were passed through
th

Lrestr . ped. 50 bed vol unes of ~d8roni zed water were then passed
diown t hrough the rdsin bed at about the sane flow rate. The pH of
te—effruent water was neasured to assure that it matched the pH

of 6 for fresh ghbsresistoniposition A TiRdphstbiesist 0ompaitidn is! ffmed by providing an
di glyme was passed_ through followed by a bed vol une of PGVEA was_passed
t hrough t he col @dmixture of a photosensitiger, jhexsubjest wateroinseluble.saquepus plkakc soluble,

was added to a %%ktﬁﬁng flovdik WsBnd a suitable solvent. Suitable solvents for such photo-

resists and for novolak resins may include propylene glycol mono-alkyl ether,

5 propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-ethoxypropionate, ethyl

lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl acetate, xylene,

~ diglyme, ethylene glycol monoethyl ether acetate. The preferred solvents are

propylene glycol methyl ether acetate (PGMEA), ethyl-3-ethoxypropionate (EEP) and
3-methoxy-3-methyl butanol.

10 Other optional .ingredients such as colorants, dyes, anti-striation agents,
leveling agents, plasticizers, adhesion promoters, speed enhancers, solvents and such
surfactants as non-ionic surfactants may be added to the solution of novolak,
sensitizer and solvent before the photoresist composition is coated onto a substrate.
Examples of dye additives that may be used together with the photoresist

15 compositions of the present invention include Methyl Violet 2B (C.I. No. 42535),
Crystal Violet (C.I. 42555). Malachite Green (C.1. No. 42000), Victoria Blue B (C.L
No. 44045) and Neutral Red (C.I No. 50040) at one to ten percent weight levels,
based on the combined weight of PHS and sensitizer. The dye additives help provide
increased resolution by inhibiting back scattering of light off the substrate.

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

25 ~ The plasticizer additives improve the coating properties of the material and enable the
application of a film that is smooth and of uniform thickness to the substrate.

Adhesion promoters which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; para-methyl-disilane-meth&l methacrylate;
vinyltrichlbrosilane; and gammé—amino-propyl triethoxysilané up to about a 4 percent

30 weight level, based on the combined weight of novolak and sensitizer. Development
speed enhancers that may be used include, for example, picric acid, nicotinic acid or
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The novol ak resin sol ution was passed '

i s shown bel ow. Untr eat ed

2’*?@32 ZF
Tr eat ed Fe

nitrocinnamic acid up to about a 20 percent weight level, based on the
weight of novolak and sensitizer. These enhancers tend to increase the so_hgbnlity of
the photdresist coating in both the exposed and unexposed areas, and thus they are
used in applications when speed of development is the ovérriding consideration even
though some degree of contrast may be 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 overall composition in an amount of up to
95% by weight of the solids in the composition. Solvents, of course are substantially
removed after coating of the photoresist solution on a substrate and drying. Non-
jonic surfactants that may be used include, for example, nonylphenoxy
poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10%.weight levels,
based on the combined weight of novolak and sensitizer.

- The prepared photoresist solution, 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 example, the resist solution can be adjusted
with respect to the percentage of solids content, in order to provide 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 III/V compounds.

~ The photoresist coatings produced by the described procedure are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated wafers, such
as are utilized in the production of microprocessdrs and other miniaturized integrated
circuit components. An aluminum/aluminum oxide wafer can aiso be used. The
substrate may also comprise various polymeric résins, especially transparent polymers
such as polyesters. The substrate may have an adhesion promoted layer of a suitable

composition, 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 110°C for from
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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 temperature is from about 85°C to about
959C. 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

15

20

25 -

30

actinic radiation, e.g., ultraviolet 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 either before or after development. The heating temperatures may
range from about 90°C to about 120°C, more preferably from about 100°C to about
110°C. The heating may be conducted for from about 30 seconds to about 2
minutes, more preferably from about 60 seconds to about 90 seconds on a hot plate or
about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated subs&ates are developed to remove the
image-wise exposed areas by immersion in an alkaline developing solution or
developed by spray development process. The solution is preferably 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
optiohal post-development heat treatment or bake to increase thé coating's adhesion
and chemical resistance to etching solutions and other substances. The post-
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untreated novol ak resin (Resin 72, mcresol/3,5 xyl‘Wfﬁ%@- =0,
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30 Print "DIP") was nmeasured at the best focus, i.e. the dose
requi redSt o pr eshasiony 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 compositions of the present invention. These
10 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 muét be utilized exclusively in order to practice the present invention.

Example 1

15 80 grams of wet Amberlyst®21 anion exchange resin beads were placed in a
conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
The next morning the water was decanted, more deionized water added to cover the
resin beads and the flask was shaken slowly. The water was again decanted. The

20 rinsing with deionized water and decanting steps were repeated three additional times.
The resulting slurry of anion exchange resin was poured into a glass column having a
diameter equipped with a porous disk and a stopcock. The resin was allowed to settle
to the bottom and the column was back flushed with deionized water for 25 minutes.
The resin was again allowed to settle to the bottom.

25 The bed length was measured and the bed volume was calculated as 125 mi.
A 10 percent sulfuric acid solution was passed down through the resin bed at a rate of
about 10 ml./min . 6 bed volumes of the acid solution were passed through the resin
bed. An amount of deionized water sufficient to remove the acid was then passed
down through the resin bed at about the same flow rate. Six bed volumes of a 6

30 percent ammonium hydroxide solution was passed down through the column at the

same rate, followed by about 60 bed volumes of DI water to remove ammonium
AMENDED SHEET
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hydroxide. The pH of the effluent water was measured to assure that it matched the
pH of 6.0 for fresh deionized water. 2 bed volumes of electronic grade methanol wés
passed down through the column to remove water, |

55 grams of dry AMBERLYST®15 ion exchange resin beads were placed in a
conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
The next morning the water was decanted, deionized water was added to cover the
resin beads and the flask was shaken siowly. The water was again decanted. The
rinsing with deionized water and decanting steps were repeated three additional times.
The resulting slurry of anion exchange resin was poured into a glass column equipped
with a porous disk and a stopcock. The resin was allowed to settle to the bottom and

. the column was back flushed with deionized water for 25 minutes. -The resin was

again allowed to settle to the bottom.

The bed length was measured and the bed volume was found to be 100 ml. A
10 percent sulfuric acxd solution was passed down through the resin bed at a rate of
about 10 ml./min. 6 bed volumes of the acid solution were passed down through the
resin bed. 60 bed volumes of deionized water were then passed down through the
resin bed at about the same flow rate. The pH of the effluent water was measured to
assure that it matched the pH of 6.0 for fresh deionized water. Two bed volumes of
electronic grade methanol were passed down through the column to remove the

330 g of novolak resin in PGMEA (40% solution) was added to a beaker and
an equal amount of electronic grade methanol was added. The contents of the beaker
was stirred and then passed through a 0.1 pm (mircrometer) filter through a cleaned
and rinsed Amberlyst®21 ion exchange resin bed, followed by passage through an
Amberlyst®15 ion exchange resin bed with a residence time of 12-15 minutes. The
methanol was distilled off to obtain a novolak resin solution in PGMEA (40% solids).
Metal analysis result before and after treatment are shown in Table 1 below.

Tablel
Example Metals (ppb) ~ Before After
1 Na 429 15
Fe 156 7
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21.77 Kg (48 Ibs.) of wet Amberlyst® A 21 anion exchange resin (17.24 Kg -
38 Ibs. dry) were placed in a .03 meter’ (1.2 ft.%) resin canister, having a pressure

rating of 275,790 PA (40 psig). Into a 2112 liter (500 ‘gal.) glass-lined feed kettle,

‘having a pressure rating of 689,475 PA (100 psig), an agitator and a 7.62 cm (3 inch)
696,370 PA (101 psig) rupture disk, was fed 422 liters (100.0 gal.) of deionized
water. The feed kettle was pressurized to 137,495 PA (20 psig), using nitrogen, and
water was slowly transferred through a bottom outlet valve through the resin canister
through a feed valve.into a glass-lined product kettle, having a pressure rating of
1,034,212 PA (150 psig) and a 5.08 cm (2 inch) 689,475 PA/689,475 PA (100/100
psig) double rupture disk. Both kettles were then drained.

With all valves closed, 232 liters (55 gal.) of 10% ammonium hydroxide
solution (electronic grade, J.T Baker) were charged to the feed kettle. The agitator
was set at 60 rpm and the temperature was maintained at 20-30°C. The feed kettle
was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet valve
was opened to slowly transfer the sulfuric acid solution through the resin canister
through the open inlet valve to the product kettle. The inlet valve was opened to
provide a liquid flow rate of about 1.48 liters/minute (0.35 gal./min.). The feed kettle
and product kettle were then drained, the feed kettle outlet valve to the resin canister
was closed and the feed kettle was rinsed with deionized water.

1901 liters (450 gal.) of deionized water was charged to the feed kettle; the
temperature was maintained at 20-30°C and the agitator was set at 60 rpm. The feed
kettle was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet
valve opened to slowly transfer the water through the resin canister through the inlet
valve to the product canister at a liquid flow rate of about 7.6 liters/minute (1.8
gal/min.). The pH of the water in the product kettle was tested to assure that it
matched the pH of 6.0 fresh deionized water. The contents of the feed and product
canisters were completely drained after turning off the agitator and all valves were
closed. | | _

21.77 Kg (48 1bs.) of wet Amberlyst® 15 cation exchange resin (17.24 Kg -
38 Ibs. dry) were placed in a .03 meter’ (1.2 ft) resin canister, having a pressure
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1,034,212 PA (150 psig) and a 5.08 cm (2 inch) 689,475 PA/689,475 PA (100/100
psig) double rupture disk. Both kettles were then drained.

With all valves closed, 232 liters (55 gal.) of deionized water and then 25 Kg
(55 1bs.) of 98 percent sulfuric acid were charged to the feed kettle. The agitator was
set at 60 rpm and the temperature was maintained at 20-30°C. The feed kettle was
pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet valve was
opened to slowly transfer the sulfuric acid solution through the resin canister through
the open inlet valve to the product kettle. The inlet valve was opened so as to obtain
a liquid flow rate of about 1.48 liters/minute (0.35 gal./min.). The feed kettle and
product kettle were then drained, the feed kettle outlet valve to the resin canister was

" closed and the feed kettle was rinsed with deionized water.

1901 liters (450 gal.) of deionized water was charged to the feed kettle; the

temperature was maintained at 20-30°C and the agitator was set at 60 rpm. The feed

kettle was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet
valve opened to slowly transfer the water through the resin canister through the inlet
valve to the product canister at a liquid flow rate of about 7.6 liters/minute (1.8
gal./min). The pH of the water in the product kettle was tested to assure that it
matched the pH of 6.0 for fresh deionized water. The contents of the feed and
product canisters were completely drained after turning off the agitator and all valves
were closed. '

232 liters (55 gals.) of a 40% solution of novolak resin in PGMEA was
charged to the feed kettle and the temperature was maintained at 20-30°C. 232 liters
(55 gals.) of electronic grade methanol was added with agitation. The bottom outlet
valve was opened slowly to transfer the solution through a 0.1mm filter through an
Ainberlyst@Zl resin canister, followed by an Amberlyst®15 resin canister at the rate
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providing a solution of a novolak resin in a mxture
r or gani c solvents, in a solvent ratio
2§ passing said solution through a filter

elof from0.04 to 0.5 micp {rgféers, passi ng said solution

: sai d ani on exchan resih and thereby reducing the
| eviel of sodium and ijron ions in said solution to |l ess than
200Lpph—eaeh: eti/) - passing said solution through said cation
exchange resi n of2P6tliteny/mimate (0.7 igakymin.) andithen into the product kettlepdhe resiiol vent to
provi de a solutipn of the.povolak resin in.the nonpolar.solvent .havin

5 sodi um and i BRPBYes distilled 0 sPmpre metbrng] to otap A Rbstapially metals fregpovalek 1o,
of claim1 V‘herrésliﬁ‘insﬂ'MKwluﬁdiﬁmﬂﬁtﬂfﬁinﬁbe&ﬂﬂgﬁﬁ'tﬂrﬁﬁ}éa%zﬁmctféif&e resin
are both washed to reduce the |l evel of sodiumand iron ions to |less than .

100 ppb each. resinis showhén Tatdé@belov. cl ai m 1 wherein t'he | evel of sodi um and
I ron ion; In the novolak resin solution is reduced to | ess than 50ppb each.

- Example 3-5
The procedure of example 2 was repeated three times and the results, in ppb

of metals, are shown in Table 2 below.

Table 2 |
Metals | Untreated | Example2 | Example3 | Example4 | Example S
Na 155 <5 <5 <5 <5
K .<5 <5 <5 <5
Fe 297 <5 <5 56 24
Cr 10 <5 <5 6 7
Cu <5 <5 <5 <5
Pb <§ <5
Mg <5 <5
Zn 7 27
Ca <§ 7 87 <5
Al <5 <5 59 <5
Mn <5 <5 <5
Ni 25 19 17 8
10
Example 6
60 grams of dry AMBERLYST®15 ion exchange resin beads were placed in a
conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
15 The next morning the water was decanted, deionized water added to cover the resin

beads and the flask was shaken slowly. The water was again decanted. The rinsing
with deionized water and decanting steps were repeated three additional times. The

_resulting shurry of ion exchange resin was poured into a glass column having a porous
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the novolak resin solution through the cation exchange resin, and thereby
reducing the level of merai ions to less than 100 £pb 2ach, orererzbiy '-ess than
S0 ppb, more preferably less than 25 ppb and most preferably less than 10 ppb;

d) | distlling the novolak resin solution and therecy removing the soivenmi(s),
followed by adding or adjusting the soivent which is same soivent used for
photoresist .compositions and producing a novociak resin having a metal icn
level of less than 20C ppb each, preferabiy 100 ppo, more preferapiy less than
50 ppb. even more preferably less than 10 ppo;.

€) providing an admixture of 1) a photosensitive component in an amount
sufficient to photosensitize the photoresist composition; 2) the said water

insoluble, aqueous alkali soluble, film forming novolak resin having a low level

of total metal ions and 3) a suitable solvent. and thereby producing a

photoresist composition;

£ coating a suitable substrate with the photoresist composition;

2 heat treating the coated substrate until substantially all of the solvent is
removed; image-wise exposing the photosensitive composition and removing
the image-wise exposed areas of such composition with a suitable developer,
such as an aqueous alkaline developer. Optionally one may perform a baking
of the substrate either immediately before or after the removing step.

It has been found that a film forming novolak resin having an extremely low
level of metal ion contamination cannot readily be obtained by first condensing one or more
methyl  phenols and formaldehyde, in the presence of a catalyst, isolated the
condensate resin in non polar solvents, then attempting to remove the metal ions from

the novolak resin unless: Mit is first dissolved in polar solvent, or a mixture of

solvents containing polar solvent; (2) the novolak resin is then passed through an anion
exchange resin, such as Amberlyst®21, followed by passing the novolak resin solution
through a cation exchange '-r'esiti., such as Amberlyst®15; (3) the ion exchange resins
havmg both,been cleaned as described above, and (4) a solvent which is compatible with
the solvent or solvents. for the novolak resin solution is used to rinse both ion

exchange resms pnor to passmg the novolak resin solution through the ion exchange

resins to remove meta.l ions.
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- -~
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“water was siowly transterred througn a Scnom cutler vaive thrcu

hrcugzn the rasin canister
through a feed valve into a glass-lined jrocduct kettie, having a gressurs ratng of
1,034,212 PA (150 psig) and a2 5.08 ¢m (2 inch) 639,473 PAGES. 475 PA (120100
psig) double rupture disk. Both kettles were then drained.

With all valves closed, 232 liters (33 gal.) of 10% ammorum hydrckide
solution (electronic grade, J.T Baker) were charged to the feed kenle. The agitator
was set at 60 rpm and the temperature was maintained at 20-30°C. The feed kettle
was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet valve
was' opened to slowly transfer the ammonium hydroxide solution through the resin canister
through the open inlet valve to the product kettle. The inlet valve was opened to
provide a liquid flow rate of about 1.48 liters/minute (0.35 gal./min.). The feed kettle
and product kettle were then drained, the feed kettle outlet valve to the resin canister
was closed and the feed kettle was rinsed with deionized water.

1901 liters (450 gal.) of deionized water was charged to the feed kettle; the
temperature was maintained at 20-30°C and the agitator was set at 60 rpm. The feed
kettle was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet
valve opened to slowly transfer the water through the resin canister through the inlet
valve to the product canister at a liquid flow rate of about 7.6 liters/minute (1.8
gal/min.). The pH of the water in the product kettle was tested to assure that it
matched the pH of 6.0 fresh deionized water. The contents of the feed and product
canisters were completely drained after turning off the agitator and all valves were
closed.

21.77 Kg (48 Ibs.) of wet Amberlyst® 15 cation exchange resin (17.24 Kg -

38 Ibs. dry) were placed in a .03 meter’ (1.2 £.%) resin canister, having a pressure

resin with a EBEERZ acid soI utlon WS HHRg—S-er-e————
th, %%I Qni.zed ter. again, -an,d
thereby reduci ng t tte1eVal HES 3 SE I ERT T F o FoASICR & S”éflel' cation=" -



pore size of -froni about 0.04 t-0 0.5 microne{gF

> sol ution
t hr ough said : . ani on exchange | P& reduci ng the
| evel of .sodi-um and iron ns in said n to | ess than
200 ppb each; e) passing sai d sq BEPLAOEMENT SHEET
exchange resin and then distilling off the ar solvent to
provide a novol ak solution in the nonpol arggol'VENt having a sgdi um
and iron ion content of |ess than 100 ppb egch: £) provi di ng

an admi xture of: 1) a photosensitive conponent in an amount sufficient ‘to

phot osensitize t.he photqQ i,st conposition, 2) sai.d water insol uble,
aqueous al kal j f3Ung OP“"%"&?%A (40 @Egubﬂf‘@, af‘illlm)l‘f'*’(')'r‘ﬁ’i‘?\é“r?o%}?ﬂsé#@e? eegdrkestiny 3)

a suitabl e phopRkes] slesfl MARE of 589,475 P (T0F olIBY IRYe Rl 4™ &= Wik afy sai d

ani on exchange resin”an cat1’on ‘exchangé resinare b Wal
reduce the sod§es3zndai (lon gsip) dpned disk, hasSed h2n HOE Pb.0edLh of deidhized

The met hod of claim6 wherein said organi c polar solvent is selected from
the group con¥REr| dde fredienleowms pressnazesito BrAdt9St Bk psig), using nicrogen, and
5 water was slowly transferred through a bottom outler valve through the resin canister
through a feed valve into a glass-lihed product kertle, having a pressure rating of
1,034,212 PA (150 psig) and a 5.08 cm (2 inch) 639,475 PA/639,475 PA (100/100
psig) double rupture disk. Both kettles were then drained.
With all valves closed, 232 liters (55 gal.) of deionized water and then 25 Kg
10 (55 Ibs.) of 98 percent sulfuric acid were charged to the feed kettle. The agitator was
set at 60 rpm and the temperature was maintained at 20-30°C. The feed kettle v;'as
pressurized to 137,395 PA (20 psig), using nitrogen, and the bottom outlet valve was
opened to slowly transfer the sulfuric acid solution through the resin canister through
the open inlet valve to the product kettle. The inlet valve was opened so as to obtain
15 a liquid flow rate of about 1.48 liters/minute (0.35 gal/min)). The feed kettle and
product kettle were then drained, the feed ketﬂe outlet valve to the resin canister was
closed and the feed kettle was rinsed with deionized water.
1901 liters; (450 gal.) of deionized water was charged to the feed kettle; the
temperature was maintained at 20-30°C and the agitator was set at 60 rpm. The feed
20 kettle was pressurized to 137,895 PA (20 psig), using nitrogen, and the bottom outlet
valve opened to slowly transfer the water through the resin canister through the inlet
valve to the product canister at a liquid flow rate of about 7.6 liters/minute (1.8
gal/min.). The pH of the water in the product kettle was tested to assure that it
matched the pH of 6.0 for fresh deionized water. The contents of the feed and

25 product canisters were completely drained after turning off the agitator and all valves

were closed.

232 liters (55 gals.) of a 40% solution of novolak resin in PGMEA was charged
to the feed kettle and the temperature was maintained at 20-30°C. 232 liters (55 gals.)
of electronic grade methanol was added with agitation. The bottom outlet valve

30 was opened slowly to transfer the solution through a 0.1 pm (micrometer) filter through an

Amberlyst®21 resin canister, followed by an Amberlyst®15 resin canister at the cate
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9.  The method of clain.6 wherein said orgafpppy o
sel ected fromthe group si sting of priopyliefe BT A

acetate, ethyl lactate, Z-heptanone and ethyl ; gﬁACﬂ%‘NT SHEET
A nmet hod for producing a sem conductor device _ phjot 0- i nage on

a suitable substrate conpri sing: @n xchange

resin wth deionized water, washi ng sai d ‘anil 011 exchange '

replicate a given feature. Photospeed, resolution and depth of focus latitude were

measured and were substantially the same for all of the wafers, as shown below:

Photospeed: 165 mJ/cm?
Resolution: 0.35 micrometers
5 Depth of focus: +0.6/-0.4 micrometer

The overall performance of novolak resin treated éccording to the process of the

subject invention was as good as standard novolak resin which was untreated, as
shown below.

10

Example EM;Relatxve DiC (Doss DTP Resolution DOE
Molecuar eig tz to Clear)

i . Ml/iem mJiem? um 0.4 um /s
a) - 10.8 126 225 0.35 -0.20.4
b ' 9.5 220 370 0.35 0/0.6
{c) 8.8 80 145 040  -0.4/02
{d). 8.5 70 130 0.35 -0.6/0.4
AMENDED EHeEc!

\PEA/EP



‘resin with a n m ineral ac |on washi ng s? b rREPLACEWIENT SHEE]
dei oni zed i “(l “ agal n, Washi"ng 3 je resin
wi t h anmoni um Ange resin

wi th dei oni zed wat er aga| n, and ther eby'zrledum ng the | evel
of- sodium and iron ions to |ess than 200 ppb gact; D) washi ng a
cation ex€h&M¥& resin with deionized water, | wdshing said cationl exchange
resin with a mineral acid solution, washing said cation _exchange resin with
dei oni zed!. A method for prodyging 2 “ag?amsolubiet ageropedkalirselyble; Wl forraing agwolakgpsin

sodi um anghpgrRidgi ONS in the cation exchange resin to | ess
t han 200 ppb each; C) rinsing the ani on exchange resin from step
a) and the cation -exchange resin from step b) with a

sol vent which #s t hﬁraﬁl&iﬁ&naﬁmn excharige késaﬁ\*ntlcdviﬂm&kﬂ vhter, wrakHing §alitEarﬁtﬂNeXbl&iﬂge
resin

u .
novol ak resin in a Fﬁs% ‘F“eg&%‘“‘a‘pﬁ&l“aw‘“g‘)ﬁa st %’Faqp%greggli % }eSﬁ)' in Fien
sol vent, in a sol vedetionizedi watesf washing sdid anior eg_changea@ggtw1m m@gm,w;@@ed

sol ution washing shid'aRi08 Bx Rardde rbsfl witbddidiiked wARF Szatd, 4/a @lteref)f AL En4
umto 0.5 um passing said solutiaon t hrough said

exchange resin and E‘ﬁé?%b?/fﬁoéﬂﬁ‘cqnﬁgmﬂ\@“t‘%ﬁ% a@%?’iﬁhﬁ“&ﬁaes}“rtﬁr\esﬁgﬁm 2081’1’[’
| evel of said solutegp; to | ess than 200 ppb each; passi ng

315 o0l Ton ool Lo AR ISR St
t he nonpol ar sol ventesinawithragmineral acid solution, washing said cation exchange resin with deionized
water and thereby reducing the level of sodium and iron ions in said cation exchange
resin to less than 200 ppb each;
c) rinsing the anion exchange resin from step a) and the cation exchange resin f'rom step

b) with a solvent which is the same as, or at least compatible with, the novolak resin

: solvent;
d) providing a solution of a novolak resin in a mixture of polar and non-polar organic

. solvents, in a solvent ratio of from 2:1 to 1:2, passing said solution through a filter
having a pore size of from 0.04 to 0.5 micrometers, passing said solution through
said anion exchange resin and thereby reducing the level of sodium and iron ions in
said solution to less than 200 ppb each; '

e) passing said solution through said cation exchange resin and then distilling off the
polar solvent to provide a solution of the novolak resin in the nonpolar solvent having

a sodium and iron ion content of less than 100 ppb each.

2. The method of claim 1 wherein said anion exchange resin and said cation exchange resin are

both washed to reduce the level of sodium and iron jons to less than 100 ppb each.

3. The method of claim 1 wherein the level of sodium and iron ions in the novolak resin solution
is reduced to less than 50ppb each.

4, The method of claim 1 wherein the polar organic solvent is selected from the group consisting
of acetone, methanol and ethanol.



sodi Um'ia”d'i’rfg_i_@,cm—&ml—ﬂi; | ess than 5@y
provi ding an adm xture of: 1) a phot osensijtiie

AR oot ozenst e e phtareelt comoston
fesi n"and 3 a suitable ph

sufficient t
2) said wat -eﬂll
form ng novol a
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an -anount

otlor.esi st sol vent: 9)

coating a suitable substrate wi th said phokoresist conpositilon; - h)

heat treating the coated substrate until slubstantially—aH

S rem)vesd

of the sol vent

and J )'I‘he meth(w of clam{T?%ewlr? ﬁle%ggoﬂr (gu‘ﬁlﬁ, %)I\Relﬂp sosre%?t'eé ttmg-no{ﬁgqﬁnlpl on,
phot or e3|®ﬂ51%@§p>b§t(mvbne Eh)’@dﬁu mgthyl ﬂhef acetate, ethy] ldbé’t\!ﬁ t2dwp@nld§v@fldoi§'@fl'3'¢th0x)'-

propionate.

6. A method for producing a positive photoresist composition comprising:

a)l

b)

washing an anion exchange resin with deionized water. washing said anion exchange
resin with a mineral acid solution, washing said anion exchzi"nge resin again with
deionized water, washing said anion exchange resin with ammonium hydroxide,
washing said anion exchange resin with deionized water again, and thereby reducing
the level of sodium and iron ions in said anion exchange resin to less than 200 ppb
each;

washing a cation exchange resin with deionized water, washing said cation exchange
resin with a mineral acid solution, washing said cation exchange resin with deionized
water again, and thereby reducing the level of sodium and iron ions in said cation
exchange resin to less than 200 ppb each;

rinsing the anion exchange resin from step a) and the cation exchange resin from step

b) with a solvent which is the same as. or at least compatible with, the novolc

solvent;

providing a solution of a water insoluble, aqueous alkali soluble, film forming

‘novolak resin in a mixture of a polar and a nonpolar organic solvents, in a solvent

ratio of from about 2:1 to about 1:2, passing said solution through a filter having a
pore size of from about 0.04 to 0.5 micrometers, passing said solution through said
anion exchange resin and thereby reducing the level of sodium and iron ions in said
solution to less than 200 ppb each;

passing said solution through said cation exchange resin and then distilling off the
polar solvent to provide a novolak solution in the nonpolar solvent having a sodium
and iron ion content of less than 100 ppb each;

providing an admixture of: 1) a photosensitive component in an amount sufficient to
photosensitize the photoresist composition, 2) said water insoluble, aqueous alkali
soluble, film forming novolak resin and 3) a suitable photoresist solvent.

7. The method of claim 6 wherein said anion exchange resin and said cation exchange resin are

both washed to reduce the sodium and iron ion level to less than 100 ppb each.

8.  The method of claim 6 wherein said organic polar solvent is selected from the group
consisting of acetone methanol, and ethanol.
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cation exchange resin are both:'washed to regduge the [ evel
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et hyl - 3- et hoxypr opi onat e. '
9. The method of claim 6 wherein said organic nonpolar Solvent is selected from the group
consisting of propylene glycol methyl ether acetate, ethyl lactate, 2-heptanone and ethyl-3-

ethoxypropionate.

10. A method for producing a semiconductor device by producing a photo-image on a suitable
substrate comprising:

a)

b)

©)

=

Fllele

washing an anion exchange resin with deionized water, washing said anion exchange
resin with a mineral acid solution, washing said anion exchange resin with deionized
water again, washing said anion exchange resin with ammonium hydroxide, washing
said anion exchange resin with deionized water again, and thereby reducing the level
of sodium and iron ions to less than 200 ppb each;

washing a cation exchange resin with deionized water, washing said cation exchange

resin with a mineral acid solution, washing said cation exchange resin with deionized

~ water again and thereby reducing the level of sodium and iron ions in the cation

exchange resin to less than 200 ppb each;
rinsing the anion exchange resin from step a) and the cation exchange resin from step

b) with a solvent which is the same as, or at least compatible with, the novolak resin

solvent;

providing a solution of a novolak resin in a mixture of a polar and a nonpolar organic
solvent, in a solvent ratio of from about 2:1 to about 1:2, passing said solution
through a filter having a pore size of from 0.04 um to 0.5 um, passing said solution
through said anion exchange resin and thereby reducing the total sodium and iron ion
level of said solution to less than 200 ppb each;

passing said solution through said cation exchange resin, and then distilling off the
polar solvent to provide a solution of the novolak in the nonpolar solvent having a

-sodium and iron ion content of less than 100 ppb each;
providing an admixture of: 1) a photosensitive component in an amount sufficient to

photosensitize the photoresist composition, 2) said water insoluble, aqueous alkali

~ soluble, film fqrming novolak resin and 3) a suitable photoresist solvent;

coating a suitable substrate with said photoresist composition;

heat treating the coated substrate until substantially all of the solvent is removed;
image-wise exposing said photoresist composition; and

removing the image-wise exposed areas of said photoresist composition with a
suitable developer.
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11, The method of claim 10 wherein said anion exchange résin and said cation exchange resin 'a.ré' '
both washed to reduce the level of sodium and iron ions to less than 100 ppb.

12. The method of claim 10 wherein said photoresist solvent is selected from the group consisting

of propylene glycol methyl ether acetate, 2-heptanone, ethyl lactate and ethyl-3-ethoxypropionate.
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