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BACKGROUND QF THE INVENTION

The present invention relates to a process for
producing phenolic resins having a very low level of
metal ions, especially sodium and iron, and for using
such phenolic resins in light-sensitive compositions.
The present invention also relates to a process for
making light-sensitive compositions useful in positive-
working photoresist compositions. Further, the 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 comp051t10ns are used in
mlcrollthography processes for making miniaturized
electronic components such as in the fabrication of
cohputer chips and 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 any solvent in the photoresist composition and
to fix the coating onto the substrate. The baked coated
surface of the substrate is next subjected to an image-
wise exposure to radiation.

This radiation exposure causes a chemical
transformation in the exposed areas of the coated
surface. Visible light, ultraviolet (UV) light, electron
beam and X-ray radiant energy are radiation types
commonly used today in microlithographic processes.
After this image-wise exposure, the coated substrate is
treated with a developer solution to dissolve and remove
either the radiation-exposed or the unexposed areas of
the coated surface of the substrate.
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substrate material, such as silicon wafers used for makin ﬂ,@ﬂkﬂ”m

circuits. The coated substrate is then baked to evaporate any

t he photoresist conmposition and to fix the coating onto the substrate. The
baked coated surface of the substrate is next subjected to an inage- w se
exposure to radiati
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solution to di sedflectndriehdviosseser ddgradal ton cand xgesrdasedt he

unexposed ar eag,dfrdia k@At edrqUph dshalhldtesils! 'ibEals 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 HCL gettering of the contaminants
during a high temperature anneal cycle.

As semiconductor devices have become more
sophisticated, these problems 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 the metal contamination in the photoresist,
particularly sodium and iron ions. Metal levels of less
than 1.0 ppm in the photoresist have been found to
a&versely affect the properties of such semiconductor
devices.

Novolak resins are frequently used a polymeric
binder in iiquid 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. 1In producing sophisticated
semiconductor devices, it has become increasingly
imbortant to provide novolak resins having metal
céntamination levels well below 1.0 ppm.

There are two types of photoresist compositions,
negative-working and positive-working. When negative-
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utilizing HCL gettering of the contam nants during a high tenperature
anneal cycle. As sem conduct or devi ces have beconme nore sophistjcated,
t hese prob[enswbakén@e@mn;omgmlabr@omp031tlons are exposed image-wise
to radiation, the areas of the resist composition exposed
to the radiation 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 a solution. Thus, treatment
of an exposed negative-working resist with a developer
causes removal of the non-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 devéloper solutidh
(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 developer causes removal of the
exposed areas of the coating and the creation of a
positive image in the photoresist coating. Again, a
desired portion of the underlying substrate surface is
uncovered. '

After this development operation, the now partially
unprotected substrate may be treated with a substrate-
etchant solution or plasma gases and the like. The
etchant solution or plasma gases etch that portion of the
substrate where the photoresist coating was removed
during development. The areas of the substrate where the

- photoresist coating still remains are protected and,
thus, an etched pattern is created in the substrate
material which corresponds to the photomask used for the
image-wise exposure of the radiation. Later, the
remaining areas of the photoresist coating may be removed
during a stripping operation, leaving a clean etched
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negative- 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 aftes
exposure and development. . In many manufacturing
applications today, resist resolution on the order of
less than one micfon 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.

SUMMARY OF THE INVENTION

The present invention relates to a process for
producing phenol formaldehyde resins containing very low
levels of metal ions, especially sodium and iron, and a
process for their use in photoresist compositions. The
invention further relates to a ‘process for making
positive-working photoresists containing these phenol
formaldehyde resins and a photosensitizer, and a process
for using such photoresists in producing semiconductor
- devices.

. The process of the subject invention prov1des water
insoluble, aqueous alkali soluble novolak resins obtained
by condensing with formaldehyde one or more phenolic
compounds, such as meta-cresol, para-cresol, 3,5-
dimethylphenol or 3,5-xylenol.



- 3- wor ki ng phot oresi st .conpositions are exposed i mage-w se to

radi ati on, the areas of the resist conposition exposed to the radiation
becone | ess soluble-to a devel oper solution (e.g. a cross-linking reaction
occurs) while the unexposed areas of the photoresist coating remai-A—m7—
relattvely soluble to-such a solution. Thus, treatnment of ansgxp RRa5.ed.
negative-working resist with a devel oper cayses renoval of ]WM 3

areas of the photoresist coating and the créafii on of a negat
t he coating. Thereby uncovering a desired portion of the un
substrate surface on which the photoresi st

The novolak resins obtained have very low levels of
metal ions such as iron, sodium, potassium, calcium,
magnesium, copper and zinc. The total metal ion level is
preferably less than 1 ppm, more preferably less than 500
ppb. Sodium and iron are the most common metal ion -
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 iren ions,
are respectively, less than 100 ppb and 400 ppb,
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 20
ppb and 20 ppb.

Water insoluble, aquecus alkali soluble novolak
resins having a very low levels of metal ions may be
obtained by condensing formaldehyde having a very low
level of metal ions with one or more phenolic compounds,
such as m-cresol, p-cresol, 3,5-dimethyl phenol or 3,5-
xyienol, having a very low level of metal ions. The
condensation reaction is preferably carried out in the
presence of an acid catalyst, such as oxalic acid. In a
preferred embodiment of the process of the present
invention, the oxalic acid also has a very low level of
metal ions. ‘

Water insoluble, aqueous alkali soluble novolak
resins may also be obtained by utilizing an acidic ion

“+ exchange résin to purify such ﬁdvolak resins.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a proéess for
producing novolak resins having a very low level of metal
ions, particularly sodium and iron. In one embodiment,
the process utilizes an acidic ion exchange resin to
pﬁrify the formaldehyde and, in a particularly preferred
embodiment, uses the same type of ion exchange resin to
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radi ation. glater, the = a mineral acid solution (e.g. a 5-98% solution
' of sulfuric, nitric or hydrochloric acid) to
reduce the level of total sodium and iron ions
in the ion exchange resin to less than 500 ppb,.
preferably less than 100 ppb, more preferably
10 . less than 50 ppb and most preferably no more
| than 20 ppb; '

b} passing a water]formaldehyde'sqlution through
the ion exchange resin and'reducing the level
of totdl sodium and iron ions in the solutién

15 to less than 500 ppb, preferably less than 375
' ppb, more préferably less than 250 ppb, even
more preferably less than 180 ppb and most
preferably less than 40 ppb;
c) providing one or more phenolic compounds having
20 ' a total sodium and iron ion content of less
than 200 ppb, preferably less than 100 ppb,
more preferably less than 50 ppb and most
preferably less than 30 ppb;
d) condensing the formaldehyde with one or more of
25 the phenolic compounds, preferably in the
_ presence of an acid catalyst, more preferably
7 loxalic acid, to pro&ﬁce a water insoluble,
aqueous alkali soluble novolak resin having a
total sodium and iron ion level of less than
30 500 ppb, preferébly less than 375 ppb, more
preferably less than 250 ppb, even more
preferably less than 180 ppb and most
preferably less than 40 ppb.
The present invention further provides a process for
35 producing a positive photoresist composition having a




remai ni ng areas of the photoresist coating may be renoved during a
stripping operation, leaving a clean etched

-4- substrate surface. I n sone instances, it is deS|rabIe to heat treat.

the renai ning photoresist layer, after_tfe_devel opment ste
etching step, to increase its adhesion to the underlying sub
resi stance to etching solutions. Posi tive working photo

conpositions are currently favored over negative morklng_res[sts because
the former generally have better resolution capabilities: and pattern
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bJect process comprises:

a) treating an acidic ion exchange resin with
water, preferably deionized water, followed by
a mineral acid solution (e.g. sulfuric, nitric
or hydrochloric acid) to reduce the total
sodium and iron ions in the ion exchange resin
to less than 500 ppb, preferably less than 100
ppb, more preferably less than 50 ppb and most
preferably no more than 20 ppb; '

b) passing a water/formaldehyde solution through
the ion exchange resin and reducing the total
sodium and iron ion level to less than 500 ﬁbb.
preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; _ )

c) providing .one or more phenolic compounds having
a total sodium and iron ion content of less
than 200 ppb, preferably less than 100 ppb,
more preferably less than 50 ppb and most
preferably less than 30 ppb;

d) condensing the formaldehyde with one or more of
the phenolic compounds, preferably in the
presence of an acid catalyst, more preferably
oxalic acid, to produce a water insoluble,
faqueous alkali soluble novolak resin having a

- total sodium and iron ion level of less than
500 ppb, preferably less than 375 ppb, more
preferably less than 250 ppb, even more
preferably less than 180 ppb and most
preferably less than 40 ppb: _

e) providing an admixture of: 1) a photosensitive
component in an amount sufficient to
photosensitize the photoresist composition; 2)
the water insoluble, aqueous alkali soluble
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sol ubl e novghaler of.2s Allistreele by coating & suitable substrate W1th
a positive working photoresist composition by:

a)

b)

c)

a)

treating an acidic ion exchange resin with
water, preferably deionized water, followed by
a mineral acid solution (e.g. sulfuric, nitric
or hydrochloric acid) to reduce the total
sodium and iron ions in the ion exchange resin
to less than 500" ppb, preferably less than 100
ppb, more preferably less than 50 ppb and most
preferably no more than 20 ppb:; %
passing a water/formaldehyde solution through
the ion exchange resin and reducing the total
sodium and iron ion level to less than 500 ppb,
preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; .

providing one or more phenolic compounds having
a total sodium and iron ion content of less
than 200 ppb, preferably less than 100 ppb,
more preferably less than 50 ppb and most
preferably less than 30 ppb;

condensing the formaldehyde with one or more of
the phenolic compounds, preferably in the
presence of an acid catalyst, more preferably
oxalic acid, to produce a water insoluble,
aqueous alkali soluble novolak resin having a
total sodium and iron ion level of less than
500 ppb, preferably less than 375 ppb, more
preferably less than 250 ppb, even more |
preferably less than 180 ppb and most
preferably less than 40 ppb:;
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by condensi ng with fbrnaldehyde one or nore phenolie¢ conpounds, such as
met a-cresol, para-cresol, 3,5- dinethyl phenol @r 3, 5-

The novol ak resins obtained have very |ow | evel s of net kgwgﬂg%$wmnm@mmd
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sodi um potassium cal cium mnagnesium copper an
metal ion level is preferably less than~-1%pm nore pref ﬂﬁ mm%g
500 ppb. Sodiumand iron are the nost common netal ion c

anong the easiest to detect. The | evel of these netal

_ions serves as an
i ndi cator of the | evel of ' -
e) providing an admixture of: 1) a photosensitive
component in an amount sufficient to
photosensitize the photoresist composition; 2)
the water insoluble, aqueous alkali soluble
.- novolak résin having a low level of total
sodium and iron ions and 3) a suitable solvent;
f) 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 8
’ developer. Optionally one may perform a bakxng
of the substrate either immediately before or
after the removing step.

It has been found that a novolak resin contalnlng
very low levels of metal ion contamination cannot be
obtained by first condensing formaldehyde with one or
more phenolic compounds, in the presence of an acid
catalyst, and then attempting to remove the metal ions
from the resin unless: 1) the novolak resin in placed in
a solution using a suitable solvent; 2) the ion exchange
resin is treated with water and a mineral acid solution,
as described above; 3) the ion exchange resin is then
thoroughly rinsed with a solvent which is the same as or
at least compatible with, the novolak resin solvent; and
4) the novolak resin solution is then passed through the
ion exchange resin.

The process for directly purifying the novolak resin
process comprises:

- a) treating an acidic ion exchange resin with
water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
of sulfuric, nitric or hydrochloric acid) to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferably less
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preferably | ess than 50 ppb and 200 ppb, even nore preferably |e ﬁggn 30
ppb and 130 ppb and nost preferably |ess igan 20 ppb Témﬁh cn Sk

(4 WAt er
I nsol ubl e, aqueous al kali sol ubl e novol ak resins havi ng “m‘lm%vel S
y | ow
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aci di ¢ conpl ex form ngthemnavelak resin solvent, preferably the resin
is treated with sufficient solvent to remove a
majority of the water remaining on the ion
- exchange resin, most preferably substantially
all of the water is removed; and _

d). passing the novolak resin solution through the
ion exchange resin and reducing the total ¢
sodium and iron ion level to less than §bo'ﬁpb,
preferably less than 375 ppb, more preferably
less than 250‘ppb, even more preferably less
than 180 ppb and most preferably less than 40
Ppb. : .

The present invention further provides a process for
pfoducing a positive photoresist composition having a
very low level of metal ions. The subject process
comprises:

a) treating an acidic ion exchange resin with

water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
of sulfuric, nitric or hydrochloric acid) to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferabiy less
than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb;

b) providing a solution of novolak resin in a
suitable solvent;

-1

c) treating the acidic ion exchange resin with a
solvent which is the same as or compatible with
the novolak resin solvent, preferably the resin
is treated with sufficient solvent to remove a



The clained invention differs fromthat process in that the sol ution of the
conpl ex formng agent is replaced,by an acidic ion exchange resin which is

pretreated a) with water and a mneral acid solution and c) with a
which is conpatible with the novol ak resin sol vent.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Thenﬁisf Shset FHbs Benlv acedy,

provi des a process for producing novolqklﬁegins havi ng a of
metal ions, particularly sodiumand iron”"1n one enbodine

utilizes an acidic ion exchange resin to purify the fornal e and
particularly preferred enbodi nment ,

majority of the water remaining on the ion
exchange resin, most preferably substantially
all of the water is removed;

d) passing the novolak resin solution through the

.- ion exchange resin and reducing the total
sodium and iron ion level to less than 500 ppb,
preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; and

e) providing an admixture of:. 1) a photosensitive

component in an amount sufficient to
photosensitize the photoresist composition; 2)
the water insoluble, aqueous alkali soluble
novolak resin having a low level of 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 by:

a) treating an acidic ion exchange resin with

water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
of sulfuric, nitric or hydrochloric acid) to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferably less
than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb; |

b) providing a solution of novolak resin in a
suitable solvent;

qrig

- c) treating the acidic ion exchange resin with a
solvent which is the same as or compatible with
the novolak resin solvent, preferably the resin
is treated with sufficient solvent to remove a
majority of the water remaining on the ion



uses the-sane type of ion exchange resin to purify the acid catalyst e.g.

oxalic acid. The subject process conprises: a) treating an

exchange resin with water, preferably deioni zed W Sfeer if,9)] OVEd by
a mineral acid solution (e.g. A 5-98% sol ution of iR Replaced
nitric or hydrochloric acid) to reduce f%e | evel éawq' lﬁ i

and iron ions in the ion exchange resin to less t o) U
preferably | ess than 100 ppb, nore preferably |.ess than 50 ppb and
nnft prefeLanyhnohnDre t han 20 ppb; b) passing a mater/fornaldehyde
sol ution through the - n,.exchange res ucin Ievel of
total sodium and irofXHRDIS Fﬁﬁlgolﬂngngﬁ?éerégT§ d@ éagﬁ L%0 ppb,

preferably | ess than &b ¢pbthe water isonrempvaddyably | ess than 250 ppb,
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total sodium and ironiéomnexchange weslimsandareducing theobopphb, preferably
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preferably | 'eSs Fﬂaﬁn§0195§fﬁﬁﬂﬂ(§ é%i%%gggsgotpﬁﬁ ?Bgngﬁgéhyd
with one or nore of preferably less than 375 ppb, more preferably
. less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; . :

e) providing an admixture of: - 1) a photosensitive
component in an amount  sufficient to
photosensitize the photoresist composition; .2}
the water insoluble, aqueous alkali soluble f
novolak-resin having a low level of metal ions
and 3) a suitable solvent; and _

£f) 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 agueous alkaline
- developer. Optionally one may perform a baking
of the substrate either 1mmed1ate1y before or
after the removing step.

An acidic ion exchange resin, such as a
styrene/divinylbenzene cation exchange resin is utilized
in the present process. Such ion 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 of sodium and iron. Before being utilized
in the 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. Preferably the
ion exchange resin is initiélly'rinsed with_deionized
water, followed by a mineral acid solution such as a 10
percent sulfuric acid solution, rinsed again with



t he phenolic conpounds, in the presence o

cat al yst, preferably oxalic acid, to produce a Jaced
i nsol ubl e, aqueous al kali sol uble novol ak resin H&wﬁ B“mkq”me
total sodiumand iron ion |level of |ess :{1an 500 MM\

| ess than 375 ppb, nore preferé% y less than 250 p

-7- preferably | ess than 180 ppb and nost prefera y
| ess than 40 ppb. The. present invention further provides a process for
produci ng a positive photoresist conposition having a very low | evel’

total sodi udeiodizednwawer, Thwestddeagapnowtsh chepmiseyal -acid

solution and once more rinsed with deionized water. When
purifying novolak resin solution, it is critical that the
ion exchange resin is then rinsed with a solvent which is
the same. as, or at least compatible with, the-.-novolak
resin solvent. _

The formaldehyde or novolak resin is preferably
passed through a column containing the ion exchange resin
as a solution, e.g: a solution of about 38 percent '
formaldehyde in water and methanol or a solution of about
40 percent novolak resin in propylene glycol methyl ether
acetate. Such solutions typically contaln from 250 to;
1000 ppb each of sodium and iron ions. During the :
process of the present invention, these levels are each
reduced to as low as 10 ppb.

The phenolic compounds condensed with the purified
formaldehyde must also have a low level of metal ions.
Such low levels may be achieved by distilling such
phenolic compounds so that the total sodium and iron ion
content is as low as 50 ppb or less.

In a more preferred embodiment of this invention the
acid catalyst, e.g. a-water solution of oxalic acid, is
also passed through a column containing an acidic¢ ion
exchange resin. Untreated oxalic acid typically has
metal ion levels of about 1000 to 2000 ppb or higher of
each of sodium and iron. After treatment by passing
_through the ioh exchange resin, metal levels are reduced
to as low as 10 ppb in a 10 percent solution of oxalic
acid in deionized water, which is the detection limit of
tests used to determine metal ion levels. Even though
only about 1 percent of oxalic acid is typically utilized
as a catalytic amount in the preferred embodiment of the
present process, its contrlbutlon of the metal 1on
concentration could be very hlgh

The present invention provides a process for
producing a photoresist composition and a process for



a)- treating an acidic ion exchange resin with water,
dei oni zed water, followed by a m neral
sul furic, nitric or

preferably’
acid solut|0ﬁ_t€_g_‘“*‘“‘
hydrochloric acid) to reducehisBfeetml Ble,$2d]

and iron ions in the ion exchange resin to | ess t epmm
500 ppb, preferably I ess than 100 ppb,- rore- pr ef m, 'H m
50 ppb and nost preferably . no nore than 20 ppb; ng
a wat er/ formal dehyde sol ution through the i on exchange resin and
reducing the total sodium and iron ion level to less than 500
ppb, preferably | ess than 375 ppb, nore preferably | ess

t han 250 ppbroduenngosemicsinsiudior |de¥icagnusing SUCh:RhDQRﬁﬁ%hﬂtnnst
preferably Lgg gokfiﬁfioﬁo PRie photS2es PEEYLERBOSIRA A (B! EoRfiEdOb) C

conmpounds havi sodium and iron 1on content of ,Tess than
200 ppb, prprewasum &8s admictwre ph, anphetosensitizey of RAnFYLIESE t han

50 ppb and pr: gt h n sin
t he formal dﬁ%ﬁgg v%nﬁtfsﬁi’ g'ﬁie%or an%urIeous ARALS %%1%1@%%‘6?%%}62:%(35%3326 °

inthe. Sulq@h&ﬁﬂﬁﬁiYﬁn%n a%VLtBE@§I§§PveAES {b%ﬁ%ﬁ%ﬁ | photo-

oxalic aci dpglsy sRIOHHE FoMaiEvolaR0kBBliAs may include propylene
glycol mono-alkyl ether, 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) and eth&}
3-ethoxypropionate (EEP).

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 resin, sensitizer and solvent before
the photoresist composition is coated onto a substrate.
Examples of dye additives that may be used together with
the photoresist compositions of the present invention
include Methyl Violet 2B (C.I. No. 42535), Crystal Violet
(C.I. 42555). Malachite Green (C.I. No. 42000), Victoria
Blue B (C.I. No. 44045) and Neutral Red (C.I. No. 50040)
at one to ten percent weight levels, based on the
combined weight of novolak 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 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. The

H



aqueous al kali sol ubl e novol ak resin having a —~+{néu_;uxﬂlgg%$gg‘_
iron ion |evel of |ess than 500 ppb, preferably, |ess than

ppb, nore preferably | ess than 250 ppb, even né" Sheet Has Been Replaceq
preferably |l ess than 180 ppb and nost prefejgbly ' j

ppb; - e) providing an admixture of: 1) a photosensit ' : l
conponent in an anount sufficient to .
- 8- phot osensitize the photoresist conposition; 2) . the
wat er insol ubl e,~aqueous al kali sol uble novol ak resin having a-

| ow | evel of telalstiwiizew additivesamnnpirove ithies coatilg propéebies of

sol vent. B W LD NG O85pREOYhECSpR 1 TS Ye M O "hat is

smooth and of uniform thickness to the substrate.

Adhesion promoters which may be used include, for
example,. beta- (3, 4-epoxy-cyclohexyl)-
ethyltrimethoxysilane; p-methyl-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 speed enhancers that may be used
include, for example, picric.acid, nicotinic acid or
n1troc1nnam1c acid up to about a 20 percent weight leggl

~ 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
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-ionic
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 apblied 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



a sem conductor device by producing a photo-inage on a substrate by coatlng
a suitable substrate with a positive working photores+s%—eﬁﬁﬁesrrr0nﬂnr*

a) treating an acidic ion exchange resin with water, |y
dei oni zed water, followed by a mneral - 16 - acid sdff s}mﬂji th%&ﬁ&ap
sulfuric, nitric or hydrochloric acid) to r educk Fm l“dlUﬁ]
and iron ions in the ion exchange resin to Iess

500 ppb, preferably | ess than-100 ppb, nore preferably | ess than
50 ppb and nost “preferably no nore than 20 ppb; passi ng

a wat er/ f or raPGERGBEAZS) mﬁ FPkifpugpnERBE, 1n order ¢ mvambee GQat ihand
reduci ng the et @hesﬁ@sliffed thickneggd gioenl enel eyple IoFf IgFinrifiap S00

ppb, tef erabl ess han 37 prefera
Phan 250 ppb, cefLRmRDEe §hLBe{ puiit o€t @glﬁﬂadarﬁf’%@ﬂ

preferably Ie;pihhang4©nmﬁnss Suitabmeosuﬂsngauns mmcmuderﬂmﬁmtam

o e ek um, poyeShe FRRERAD B4R it el L oos L har

50 ppb and nostlpcehedldxide, silicohenitriide, 3mamwalum, cabperpondensung

the formal dehydg Wihl A YePBhfcE! 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 mlcroprocessq;s
and other miniaturized integrated circuit components. %n
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.

The photores1st compos1tlon 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 photo-
resist, while not causing substantial thermal degradation
of the photosensitizer. In general, one desires to
minimize the concentration of solvents and this first
temperature treatment is conducted until substantially

- all of the solvents have evaporated and a thin coating of
photoresist composition, on the order of one micron in
thickness, remains on the substrate. 1In a preferred
embodiment the temperature is from about 85°C to about
95°C. The treatment is conducted until the rate of
change of solvent removal becomes relatively

| ess
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t he phenolic conpounds, in the presence of ap A ced
cat al yst, ) preferably oxal i c acid, to prodibieSkee aﬁaﬂﬁﬁﬁ

i nsol ubl e, -~ aqueous al kali sol ubl e novol ak resin: \ Eﬂ
total sodiumand iron ion | evel of |ess tthan 500 - A |y
| ess than 375 ppb, nore preferably | ess than 250 ppb, even nore
preferably |less than 180 ppb and nost preferably | ess than 40
ppb; e) providing an adm xture of: 1) a photosensitive

conponent in an anount sufficient to ) )
insignificant. The temperature and time selection

depends on the photoresist properties desired by the
user, as well as the equipment'used and commercially
desired coating times. The coating substrate can then be
exposed to actinic radiation, e.g}, ultraviolet
radiation, 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 temperaturesE
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 substrates are

. developed to remove the image-wise exposed areas by
immersion in an alkaline developing solution or developed
by spray development proceés. The solution is preferably
agitated, for example, by nitrogen burst'agitatiqn. The -
substrates are allowed to remain in the developer until
all, or substantially all, of the photoresist coating has
dissolved from the exposed areas. Developers may include
“aqueous solutions of ammonium or alkali metal hydroxides.
One preferred hydroxide is tetramethyl ammonium
hydroxide. After removal of the coated wafers from the
developing solution, one may conduct an optional post-

. development heat treatment or bake to increase the
coating's adhesion and chemical resistance to etching
solutions and other substances. The post-development
heat treatment can comprise the oven baking of the
coating and substrate below the coating's softening
point. In industrial applications, particularly in the



phot osensitize the photoresist conposition; 2) t he water

I nsol.ubl e, aqueous al kali sol uble novol ak resin having a | ow

| evel of total sodiumand iron ions and 3) a suitable solve

f) heat treating the coated substrate .untg |- ntially all of

the solvent is renoved; i mage-w se exposiné Hﬂgsﬂﬂpﬁﬁﬁﬁﬁgkﬂﬁv%

conposition and renoving the i nage-w se exposed o ' h
conposition with a suitable devel oper, such -a_smmm -

al kaline a devel oper. Optionally one may perform

of the substmamefacthere ofmmiicrtatirdeitre wnits on siligbngtsittHearenovi ng
step. |43 828aReRYplOUbddIAle & NVRL WetEbBAORLBERIAY o6y G

| evel's of netal 10n contamnatl on cannot be _obtalned by tirst condensing

f or mal dehydet¥eakednwish goruffirgrdi chydrpblivasici ACiAe bas& &Fchigig an

acid catal ysip1apdohhen Téid YAid¥ed Dst CoBMBoENLiBREALE ehe iPr¥Bddte resin
unless: . 1) the noyvolak resin jn placed in, golutlon ysin %é?ultable
sol vent; 2) IREERBAOCE, TS FEF, ?st?réﬁiaa aseneRshdng, GHAS al aci d

sol ution, asafé@sprokdderefifictivé srovectiohatioe thel anekpdyad t horoughly
rinsed with g SRe¥eR ¥l b thd "Erd80%#5tRe substrate.
The following specific examples will provide
detailed illustrations of the methods of producing and
utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict
the scope of the inventiom in any way and should not be
construed as providing conditions, parameters or valué%
which must be utilized exclusively in order to practice
the present invention. . '

Example 1 -

25 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 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 more times. The
resulting slurry of ion exchange resin was poured into a
21.5 cm. long glass column having a diameter of 2 cm. and
equipped with a porous disk and é.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 _
calculated as 68 ml. A 10 percent sulfuric acid solution
was passed down thréugh the resin bed at a rate of about
16 ml./min (14.1 bed volumes/hour). 6 bed volumes of the



at | east cdnpatible wi th, the novol ak.resin solvent; and 4) the novol ak
resin solution is then passed through the ion exchange resin. - The————

process for directly purifying the novol ak resin process comyghggﬁas eenRepmed
treating an acidic ion exchange resin ~witeh- : wat er,

dei oni zed water, followed by a mneral acid sol ut| IH, m,“m
5-98% sol ution of sulfuric, nitric or hydrochloric

reduce the total netal ions in the ion exchange resin to | ess

Lgfg g?gfggﬁﬁﬁPr esgﬁg%% §83 Bsssed throuéh the resin bed. thgg %OO Ppb,

volumes of delonlzed 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 for fresh deionized water.

500 grams of a 37 percent formaldehyde solution in
water and 7 percent methanol, having a pH of about 3.5
and containing about 240 ppb of sodium and about 4900 ppb
of iron was passed down through the resin bed at the same
flow rate. The formaldehyde obtained had a very low

level of metal ions as follows: sodium.- <20 ppb, iron -.
<100 ppb.

'

Example 2

48 lbs. of wet AMBERLYST 15 ion exchange resin beads
(38 1bs. dry) were placed in a 1.2 ft.? 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 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 through a bottom outlet wvalve through
the resin canister through a feed valve into a glass-
lined product kettle, having a pressure rating of 150
psig and a 2 inch 100/100 psig double rupture disk. Both
kettles were then drained.

With all valves closed, - 55 gal. of deionized water
and then 55 lbs. 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 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 cobtain a liquid flow rate of
about 0.35 gal./min. The feed kettle and product kettle



and nost préferably no nore than 20 ppb; b) providing a | of

novol ak resin in a sui tabl e solwvent; C) treghjRlf pex acidic
i on exchange resin with a sol vent which is the sa S eﬂﬂkmmmd
conpatible with t he novol ak resi &otvent, prefer W;mﬂg

Is treated with sufficient solvent to renove a

wat er remai ning on the ion exchange resin, nDst preferably
substantial ly all of the water is renoved; and passi ng

t he novol ak resin ut i qn t.hr o g t he on exchange reS|n and
reduci ng the t0taf “Cheh' 8al %nﬁe?ﬁioheFEﬁel Qs ety v tHart o0
pﬁb N repsmﬁecahnfstlfssvaéwmll,@éédpahd ﬂhéefer?ﬁf @cre?ttt'l\é Jas drlnseclleSS
than 250 pp I I ess _ than 180 ppb and nost
preferably Ieggifﬁ ignﬁiidaﬁ§H§' ppb. The present invention further

provi des a process foéSQr gédci raf adqmoemtzed phtear emiss ichaagedite athdavi ng

roat| g an SX%. Q'1cEEELes e, vdipebRtife PaS RRLAANNES B a0 A

dei oni zed wat e3nd f@heoag@uaﬁor 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 fresh deionized waterﬁ
The contents of the feed and product canisters were
completely drained after turning off the agitator and éll
valves were closed.

110 gal. of a 37 percent formaldehyde solution in

water and 7 percent methanol, having 280 ppb sodium and
280 ppb iron was charged to the. feed kettle and the
temperature was maintained at 20-30°C. ‘The bottom outlet
-valve was opened to slowly transfer the formaldehyde
solution through +the resin canister. The inlet valve of
the product kettle was opened to obtain a liquid flow
rate of about 0.7 gal./min. into the product kettle. The
formaldehyde obtained had a very low level of metal ions
as follows: sodium - <20 ppb, iron - <20 ppb.

4 Exampleé 3

248 lbs. of wet AMBERLYST 15 ion exchange resin
beads (196 1lbs. dry) were placed in a 6.2 ft.? resin
canister, having a pressure rating of 40 psig.

Into the resin canister, cleaned according to the
cleaning process set forth in Example 2 was fed 3145 1lbs.
of formaldehyde as a 37 percent formaldehyde solution in
water and 7 percent methanol, having about 280 ppb sodium
and 280 ppb iron. The formaldehyde solution was slowly
transferred through the resin canister at a flow rate of



a .mneral --aci d-solution (e.g. a 5-98% sol ution - of sulfuric,

nitric.or hydrochloric acid) to reduce the total i in the
i on exchange resin to | ess than 500 ppb, preferablym

than 100 ppb, nore preferably | ess than 50 ppb and t czwm@b&ﬂ
no nore than 20 ppb; b) providing a solution of novolak

sui tabl e sol vent; c) treating the aciddt ion exchange r UIII
solvent which is the sane as or conpatible with t he novol a

solvent, preferably the resin is treated wth sufficient solvent

to renove a - -11-

about 33.3 lbs. of solution per minute. The formaldehyde
obtained had a very low level of metal ions as follows:
sodium - 10 ppb, iron - 20 ppb.

Example 4 |
The procedure of Example 3 was repeated and 3050
lbs. of formaldehyde as a 37 percent solution in water
and 7 percent methanol was passed through the resin
canister. The formaldehyde obtained has a solution ion
level of <10 ppb and an iron ion level of <20 ppb.

. Example 5

180 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 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 more times. The
resulting slurry of ion exchange resin was poured into a
500 ml. glass column having 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
calculated as.500 ml. A 10 percent sulfuric .acid
solution was passed down through the resin bed at a rate

- of about 16 ml./min (14.1 bed volumes/hour). 6 bed

volumes of the acid solution were passed through the
resin bed. 50 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

< haigy.

2



~-majority of the water remaining on the ion

preferably substantially all of the water is. &ﬁgg%ﬂ X

passi ng the novol ak resin solution through the ammes|n
and reducing the total sodi um ang, iron ion Iev I"a# - 500
ppb, preferably | ess than 375 ppb, nore prefer ess

t han 250 ppb, even nore preferably | ess than 180 ppb and nns
preferably | ess than 40 ppb; and e) providing an adm xture
of: 1) a photosensitive conmponent in an anmount sufficient to

phot osensi t izgsdre @h@toaesh@tcmméipn; 02) 6 for fresaidwd®ized

i nsol ubl e, ﬁ%ﬂ?ous al kali sol uble novol ak resin having a | ow | evel
of netal and 3) a suitable solvent. The invention further

provi des a nmet hod3600 gradisciofy an sknpepadntt oxaddd @iy sobauiongia

horking phocisee? FORERIRRGGIER ' 120°phH bEY SRR A0 Salbhl RaB00L7 00
resin with ppb of iwenewasgpHssed| gowni throeghnditer ,rdsinoved ay the .
a m neral acégméokYEMOQéE%ﬁl fhé'3§3§§8|39f310btained had a very low

level of metal ions as follows: sodium .- <10 ppb, iron -
<10 ppb.

Example 6

258.5 1bs. of a 37 percent solution of the low metal’
ion containing formaldehyde of Example 2 was placed ingo
a 100 gal. teflon-lined feed kettle, having a pressure*
rating of 100 p81g an agitator and a 2 inch 60 psig
rupture disk. Into a 500 gal. glass-lined solvent kettle
was added 600 lbs. of liquid ethoxy-3 ethoxypropionate
solvent (EEP). .

» Into a 200 gal. stainless steel lined reaction
kettle, having a pressure rating of 300 psig and a 3 inch
115 psig rupture disk, 5 lbs. of the oxalic acid of
Example 3 was added as a powder, through a 2 inch port
with a ball valve. 357.2 lbs. of a mixture of 45.2
percent m-cresol, 40.6 percent p-cresol and 14.0 percent
' 2,5-xylenol, having met;l ion levels of <10 ppb sodium
and 270 ppb iron, 48.6 lbs. of m-cresol liquid having
metal ion levels of 250 ppb sodium and 70 ppb iron, and
95.0 1lbs. of p-cresol liquid having metal ion levels of
300 ppb sodium and 40 ppb iron.

The reaction kettle agitator was set at 100 rpm
and the temperature was maintained at 92-96°C. From the
feed kettle, over a 90 minute period, was added 258.6
lbs. of the formaldehyde solution at a mass flow rate of

. about 2.9 lbs./min. The temperature was then maintained
at 92-96°C for 7 hours. Atmospheric distillation of the
solvent was initiated and the distillate was allowed to
flow to the feed kettle. The temperature of the reaction



of sulfuric, nitric or. hydrochloric acid) to
metal lons in the ion exchange resin to | ess than 500 ppb,
preferably | ess than 100 ppb, nore preferably Iess than 50 ppb
and nost preferably no nore than 20 ppb; b) prov a_sol ution of
novol ak resin in a sui t abl e sol vent; c) treating t

I on exchange resin with a solvent-wig ch is the e’aﬂhsﬂéenkepiaced

conpatible with t he novol ak resin solvent, pref Wm’m
is treated with sufficient solvent to remove a . ml,ﬁm
wat er remaining on the ion 12 -
mixture was raised over a period of 3 hours to about
190°C. Additional heat and vacuum were applied to the
reaction kettle until the temperature reached about 200°C
and 35 mm Hg wvacuum, which was held for about 15 minutes.
The vacuum was then released and the reaction was
complete. .
From the solvent kettle was added 600 lbs. of EEP,
over a period of about 35 min., into the reactiqn kettle.
The reactant was dissolved in the EEP and the resulting
solution of novolak re51n was passed through a 0.4 mlcron
Cuno cartridge filter. A ‘solution of 40 percent novolak
in EEP contained: 40 ppb sodium, 60 ppb iron, <10 ppb -
potassium, <10 ppb calcium, <10 ppb magnesium, 30 ppb
.copper and <10 ppb zinc. .
The solution was- again flltered by pa551ng through
a 0.2 micron Acrodisc flat filter. The metals ion levels _
were: 14 ppb sodium, 15 ppb iron, <10 ppb potassium, <10

ppb calcium, <10 ppb magnesium, 25 ppb copper and <10 ppb
zinc.

reduce the total

Example 7

The process of
ion levels measured
solution were: <20

The process of
ion levels measured
solution were: <20

The process of
ion levels measured
solution were: <20

Example 6 was repeated and the metal
for the 40 percent novolak resin
ppb sodium and 40 ppb iron.

Example 8 _
Example 6 was repeated and the metal
for the 40 percent novolak resin
ppb sodium and <20 ppb iron.

Example 9
Example 6 was repeated and the metal
for the 40 percent novolak resin
ppb sodium and 60 ppb iron.



exchange resin, nost preferably substantially all of the water is

r enoved; ¢) passing the novol ak resin solution through the

i on exchange resin and reducing the total drunr‘?TT??ﬁTT?ﬁr——
| evel to | ess than 500 ppb, pr eferdbly Iess t haghisIhcet PpiBeerReP “

preferably ° | ess than 250 ppb, even nore preferab

than 180 ppb and nost preferably |ess than 40 lm

provi ding an adm xture of: 1) a photosensitive in an

anount sufficient to phot osensgjti ze the photoreS|st conp05|t|on

2) t he wat er insol uble, aqueoi@ﬁﬁm¥ﬁi+l%oluble novol ak

resin having a | ow Iavel aoR00 ayal onstainless seeedl3]l ineRlidedueiswl vent;

31 of the sol DentiEs hA%E L BEESIEELAEIAGIRE! 200 iy it S indh'Y

phot osensi tivell5 psig rugipus tdisk avalsraddedng 6Re lbsagefviuwpexpdied

Auoous al kal | SEIEEE' A1A de b HAWEL Y o pal, oK Wter EREARAR o

of the substrap@r9|wn§h|anhaﬂku¥abvgef06343rl s. of a mixture of 41.6
percent m-cresol, 47.7 percent p-cresol and 10.6 percent
of a 55/45 mixture of 2,5-xylenol and 2,4-xylenol was
added.

The reaction kettle agitator was set at about 100
rpm and the temperature was maintained at 92-96°C. Over
a 90 minute period, was added 3145 lbs. of the §
formaldehyde solution of Example 2 at a mass flow ratel tof
about 33.3 lbs/min. The temperature was then maintained
at 92-96°C for 7 hours.. Atmospheric distillation of the
solvent was initiated and the temperature of the reaction
mixture was raised over a period of 6 hours at about
190°C. Additional heat and vacuum were applied to the
reaction kettle until the temperature reached about 200°C
and 35 mm Hg vacuum, which was held for about 30 minutes.
The vacuum was then released and the reaction was
complete.

7500 lbs. of PGMEA was added into the reactlon
kettle, over a period of about 35 minutes. The product
was dissolved in the PGMEA and the resulting solution of
novolak resin was passed through a 0.4 micron Cuno
cartridge filter. The resulting solution of 40 percent
novolak in PGMEA contained 64 ppb sodium ions, 28 ppb

7 potassium ions, 47 ppb iron ions, 43 ppb chromium ions,
47 ppb calcium ions and 30 ppb aluminum ions.

Example 11
The procedure of Example 10 was repeated by using
3050 lbs. of formaldehyde as a 37 percent solution of the
low metal ion containing formaldehyde of Example 2. The
product was dissolved in about 7500 lbs. of PGMEA. The



af.ter. Lhe_LenDVIng step._ . - An_acidic ion exchange resin, such as a

styrene/d|V|nbeenzene cati on exchange resinis ut|Ilzed—+4p4¢my4n4¥uaﬁL___
process. Such ion exchange resins are available from Roh Hﬁ@ﬁpa y,

e.g. AMBERLYST 15 resin. These resins typically contain a
to 200, 000 ppb of sodiumand iron. Before being utilized i
the invention, the ion exchange resin nust-bgEstseated Mﬁth
m neral acid solution to reduce the netal ion |evel. Preferably the ion
exchange resin is initially rinsed with deionized water, followed by a
m neral acid solution such as a 10 percent sulfuric aC|d solution, rinsed
again with - = - 13 -
resulting 40 percent solution of novolak in PGMEA

contained 43 ppb sodium ions, 15 ppb potassium ions, 56
"ppb iron ions, 86 ppb chromium ions, 45 ppb ca1c1um ions
and 28 ppb alumlnum ions.

Comparative Example 12

The. process of Example 2 was repeated except that
the formaldehyde, was not paSsed through the ion exchange
resin bed to reduce the metal ion content. A novolak -
resin was produced, as in Example 6 and dissolved in
diglyme to provide a solution contalnlng 20 weight
percent of the novolak resin. This untreated solution.
contained about 150 ppb sodlum'and about 1400 ppb irbn
This solution was then passed through an ion exchange =
resin bed, according to the procedure set forth in
Example 5. The resulting solution had a sodium content
of about 110 ppb and an iron content of about 1250 ppb.

Example 13

A column was made with Amberlyét-ls (bed volume 45
ml) and cleaned as in Example 1. Sufficient amount of
distilled dyglyme was passed through the column to remove
substantially all of the water and then 74 g of an
unpurified novolak resin (having the same composition as
the purified novolak resin of Example 6):“§olution in
PGMEA containing 1300 ppb of sodium and 210 ppb of iron
was passedrthrough the column. - Initial 14 mL, column
dead volume (mostly dyglyme) was discarded. The resin

solution obtained had a very low level of metal ions as
follows: sodium - <20 ppb, iron - <20 ppb.

7

Example 14
The process of Example 13 was repeated and 104 g of

same resin solution was cleaned and metal levels measured
were: sodium - 20 ppb and iron - <20 ppb.



_deioni zed-water, treated agai.n.with the nineral acid-solution.and once nore.. -

rinsed with deionized water. Wen purifying novolak resin solution, it is
critical that the ion exchange resin is then rinsed with a solvent which is
the sane as, or at |east conpatible with, the novol ak resin sol vent

The fornmal dehyde or novolak resin is preferably passed—%hrﬁugﬁ‘é’EBTﬁﬁﬁ_~;

containing the ion exchange resin as a sol %40 a. S{qisgﬁdeﬁmsaéen
38 percent fornal dehyde in water and netha

a solutlo
_percent novol ak resin in propyl ene glycol nethyl et her aceﬂ!“ﬁ
solutions typically contain from250 to 1000 ppb each of s |ron
ions. During the process of - the present invention, these |evels are each

reduced to as |low as 10 ppb. The &#gﬂﬂ#%gﬁﬁﬁnpounds condensed with the
purified formal dehyde nust al so have a of nmetal ions. Such | ow

| evel s may be achi eFBOtRyeSisy |99 LoRS WYAEROPFEPaSREoFTOR €0 482 t he
total sodium apdji hﬁnpe%éiﬁnts%ﬂuﬂfoﬁsofOﬂhéspﬁgl@ﬁﬁdohdv‘?ﬁsak resid rbfi

nore preferred_e nt, o hIS I nyention the acid catalyst, e.g. a water
squtPon of Oxgxe@pggng 3§3ng three different concentrations

of 2,1,5- dlazo ester of 2,3,4,4'-~
tetrahydroxybenzophenone (PAC), i.e. 8 percent, 12
percent and 16 percent (percent by weight, of total
solids). The photoresist solutions were each spin
coated, using standard"techniques, onto quartz plates at
a constant speed to obtain layers of photoresist having
an initial thickness of 1.5 um. The films were baked in
a circulating air oven at 90°C for 30 minutes. RO and Rﬁ
were determined for each photore51st composition. i

RO was determined in a 0.263N TMAH developer (25+/-
0.5°C). RO is the unexposed or dark film loss and was
determined by placing the films in developer for 30
minutes and measuring the total filﬁ loss. RO is
reported as rate of film loss in Angstroms per minute.

R, the film loss rate of completely bleached film,
was also determined in 0.263N TMAH developer (25+/-0.5°C)
for each photoresist formulation. The dose required to
completely bleach each film was found by measuring the
absorbance at 377 nm for 1.5 um films on quartz plates
after exposure to varying levels of radiation. R was
calculated by measuring the time required to completely
dissolve the 1.5 um bleached films. R is also reported

N as Angstroms per minute.

The dose to clear was determined by exposing the 1.5
um films to narrow band 365 +/-10 nm radiation under the
Optolihe gradient mask and calculating the energy
required to obtain the first clear or completely
developed step. All development was in 0.263 TMAH at
25+/-0.5°C for 1 minute.



- al so-passed through a colum contalLning an.acidic ion exchange resin.

Untreated oxalic acid typically has netal ion |evels of 0 to 2000
ppb or higher of each of sodiumand iron. After treatnent aSS|ng
through the ion exchange resin, netal |levels are reduced:t WHMmM$m%d

ppb in a 10 percent solution of oxalic acid in delonlzed

the detection Iimt of tests used to deters B2 rnAetal |onI

t hough only about 1 percent of oxalic acid is typically ut|I|zed as
catalytic anount in the preferred enbodi nent of the present process, its

contribution of the netal ion concentration could be very high. The
present invention provides a process for producing a photoresist
conposition and a process for - 14 - DOSE TO CLEAR
3PAC R RO R/RO —{mi/sg.cm.)
8 39,940 244 164 80
12 . 73,180 - 34 2,184 83

16 111,000 9 13,000 106

ERIETI A



produci ng_sem conduct or _dewi ces _using such phaotoresist conposition. The
phot orési 8t~ conposition’is formed by providing an admi xture of a

photosen5|t|ﬁgé_alhgﬂgub+ee%~vwn’ i nsol ubl e, aqueous al kali sol ubl e
novol ak resi a suitabl t;ent Sui t abl e sol vents for such phot o-

resists and for l““ “w y include propyl ene glycol nono-al kyl
et her, propyle g nethyl) et her acetate,

et hyl - 3- ethoxyproplbndte et hyl lactate, res of

et hyl - 3- et hoxypr opi onate and et hyl Iactate, butyl acetate, xylene, diglyne,
et hyl ene gl ycol nonoethyl ether acetate. The preferred solvents are

pr opyl ene glycol ‘methyl ether acetate (PGVEA) and et hyl - 3-ethoxypropionate

( EEP) . ﬁﬁélonal i ngredi ents such as col orants, dyes,
antl-strlatlon | evel i ng agents, plasticizers, adhesion pronoters,
speed enhancers, solvents and such surfactants as non-ionic surfactants may

be added to they sol usi gaeabae Prd R ihg S&na%&%egngeg@a' oaq ©

t he phot oresist” conposition.|Is Co a substra
addi tives that ¥§abd §9dubleyaaualal (¥esh BABPELEINSE conpositions of

the present inventiog) - washing an acidic ion exchange resin with
water, washing said ion exchange resin with a
mineral acid solution and thereby reducing the
total sodium and iron ions in the ion®exchange
resin to less than 500 ppb:

b) passing a water/formaldehyde solution through
said ion exchange resin and thereby reducing
the total sodium and iron ion level of said :
solution to less than 500 ppb; :

c) providing one or more phenolic compounds hav1ng

) a total sodium and iron ion content of less
than 200 ppb:; |

d) condensing said formaldehyde with said one or
more phenolic compounds, in the presence of a
catalyst, and thereby producing a water
insoluble, agquecus alkali soluble novolak resin
having a total sodium and iron ion level of
less than 500 ppb.

2. The method of claim 1 wherein said catalyst is an
acid catalyst.

3. The method of claim 2 wherein said acid catalyst is
passed through said ion exchange resin.

4. The method of claim 3 wherein the total sodium and
- iron ion level is reduced to less than 500 ppb.

5. The method of claim 1 wherein said ion exchange
resin is washed to reduce the total sodium and iron ion
level to less than 100 ppb.

“This-Sheet Has Been Replaced




i nclude Methyl Violet 2B (C. 1. No. 42535), Crystal Violet (C. 1. 42555).

Mal achite Gee%w;w ctoria Blue B (C. 1. No. 44045) and
Neutral Red (CT. . 50040) at one to ten percent weight |evels, based on
t he conbi ned wei “ﬂt ﬂ d-sensitizer. The dye additives help

provi de increaseﬁm‘mmlmmﬁ ur nhi biti ng back scattering of I|ight of f the
substrat e. At £stkiatidh dgents nmay beygised at up to about a five
percent weight |evel, based on the conbi ned wei ght of novol ak and
sensitizer. Plasticizers which may be used include, for exanple,

phosphoric acid tri-(beta- chloroethyl)-ester; stearic acid; dicanphor;
pol ypropyl ene; acetal resins; phenoxy resins; and al kyl resins, at about

one to ten percént wahghimeéthed sof babaimob wheredfibisadd wirgly«f Hv ol ak

and sensitizer. tIR8] gsodium and iron ion level of less than 100 ppb and
the novolak resin produced has a total sodium and iron
level of less than 180 ppb.

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

a) washing an acidic ion exchange resin with

' water, washing said ion exchange resin with a
mineral acid solution and thereby reducing the
metal ions in the ion exchange resin to less
than 500 ppb; X

b)' passing a water/formaldehyde solution throué%
said ion exchange resin and thereby reducing:
the metal ion level of said solution to less
than 500 ppb; o

c) providing one or more phenolic compounds having
a metal ion content of less than 200 ppb;

d) condensing said formaldehyde with said one or
more phenolic compounds, in the presence of a
catalyst, and thereby producing a water
insoluble, a&ueous alkali soluble novolak resin
having a total metal ion level of less than 500
ppb;

e) providing an admixture of: 1) a photosensitive
component in an amount sufficient to

, photosensitize the photoresist composition, 2)
said water insoluble, aqueous alkali soluble
novolak resin and 3) a suitable solvent.

. 8.  The method of claim 7 wherein said catalyst is an
acid catalyst.

9. The method of claim 8 wherein said acid catalyst is
passed through said ion exchange resin.

eet Has Been Replaced
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pl asticizer additives inprove the coating properties of the material and
enable the application of a filmthat is snooth and of uniformthickness to

t he substrate. Adhesi onoters which nay be used include, for
exanpl e, beta-(3,4- Xy-cycl L) - ethypt i met hoxysi | ane;

p- met hyl - di si | ane- m &m:ﬂ e; vinyltrichlorosilane; and

ganmma- am no- promm\ ane.up to about a 4 percent weight |evel,
based on the conb cme$gH} of novol ak and sensitizer. Devel opnent speed

enhancers t hat nay*be used include, for exanple, picric acid, nicotinic

acid or nitrqg nnafi& MmetHodPoEOcabaw 98 wHiRelt aftie Webehl t6delm Baged on

t he conbi ned wei ght of_  novol ak and sensitizer. These ancers tend to
i ncrease the¥§9QHﬁqqt§e%?ftH§ it igﬂziﬁﬁﬁi ?ngﬁatﬂpshe exposed and

unexposed areas, and thus they are used in applications when speed of
devel opment i,5 theyoverriding consi [ e g o] ree of
contrast may sg]g??fq‘%tﬁ?ai .Og. %’\ﬁﬁﬁ 2} t‘ﬂ‘getgjplgs%%ﬂgrggé g%cﬁﬁgg%

phot or esi st awgimgisi washeddtes aedatantthe diotxl ysdgiumeaddvéroped evielle
speed to less than 100 ppb. '

12. The method of claim 11 wherein said catalyst has a
total sodium and iron ion level of less than 100 ppb and
the novolak resin produced has a total sodium and 'iron
ion level of less than 180 ppb.

13. The method of claim 7 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

14. A method for producing a semiconductor device by
producing a photo-image on a suitable substrate

comprising:
a) washing an acidic ion exchange resin with
/ water, washing said ion exchange resin with a

mineral acid solution and thereby reducing the
metal ions in the ion exchange resin to less
than 500 ppb: ' '

b) passing a water/formaldehyde solution through
said ion exchange resin and thereby reducing
the metal ion level of said solution to less
than 500 ppb;

c) providing one or more phenolic compounds having
a metal ion content of less than 200 ppb;

- d) condensing said fofmaldehyde with said one or
more phenolic compounds, in the presence of a
catalyst, and thereby producing a water
insoluble, aqueous alkali soluble novolak resin
having a total metal ion level of less than 50C
ppb;
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enhances will also cause a larger |oss of photoresist coating fromthe
unexposed~dareas ™ ~ The solvents nmay be present iri the_overal
conposition in an anmount of up to 95% by wei ght of the solids Tn

conposition. Solvents, of course are substantially renov In
of the photoresist solution on a substrate and drying. Noﬁmﬂmm”"m?m”ﬁm
surfactants that may be used include, for _exgmle, nonylphenoxy ¢ "y g "H
pol y(et hyl eneoxy) ethanol; octyl phenoxy ethanol at up to about 10% wei ght

| evel s, based on the conbi ned wei ght of novol ak and sensitizer. The
prepared photoresist solution, can be applied to a substrate by any
conventional nethod used in the photoresist art, including dipping,

spraying, whirling agyl sppfrovddiintg.an \d@misPire COA! i NY) HOophekasRneithiRe
resist solut |.on can be adjc%?ntp%%evrvlltt hlr{ S eacxﬁo&r?ttshgfficient to
photosensitize the photoresist composition, 2)
said water ihsoluble, aqueous aikali soluble
. novolak resin and 3) a-suitable solwvent and
thereby producing a positive working
photoresist composition;
f) coating a suitable substrate with saig
photoresist composition;
g) heat treating the coated substrate until
substantially all of the solvent is removed;
h) image-wise exposing said photoresist '
" composition; and
i) removing the image-wise exposed areas of said
photoresist composition with a suitable
developer.

15. The method of claim 14 wherein said catalyst is an
acid catalyst.

16. The method of claim 15 wherein said acid acid
catalyst is passed through said ion exchange resin. .

17. -The method of claim 16 wherein the total sodium and
iron ion level is reduced to less than 500 ppb.

18. The method of claim 14 wherein said ion exchange
resin is washed to reduce the total sodium and iron level
to less than 100 ppb.

. : 19. The method of claim 18 wherein said catalyst has a
total sodium and iron ion level of less than 100 ppb and
the novolak resin produced as a total sodium and iron ion
level of less than 180 ppb.

Ccn
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- 16 - percentage of -sol.ids content, in order to provide coating of the
desired thickness, given the type of splnning equi pnent utilized and the
amount of time allowed for the spi nning process. Suitable substrates

i nclude silicon, alumnum polyneric resins, silicon dioxide, doped silicon
di oxi de, si licon n#Pdee——LanTalunl copper, polysilicon, ceramcs,

al um nunt copper all i umarseni de and ot her such G oup III/V
conmpounds. The mu%u HHHM| ngs prggduced by the descri bed
procedure are part| for application to thernmally grown
silicon/silicon dioxide-coatéd Waf&rs, such as are utilized in the
production of m croprocessors and other mniaturized integrated circuit
conmponents. An al um nunt al um num oxi de wafer can al so be used. The
substrate may &l0so dﬂrmrxi\sehadrbﬁuslpdlmy&m 'mxa:mijSammi'@éﬁw is

I h
atnest o promoten oy oron ERRYERPE: sonsd il Il AR Cal¥aehi ng

hexa- al kyl methyl ether acetate and ethyl-3- ethoxyproplonate
21. A method for producing a water insoluble,' aqueous
alkali soluble novolak resin having a very low metal ion
content comprising:

a) treating an acidic ion exchange resin with
water, followed by washing said ion exchange
resin with a mineral acid solution and thereby
reducing the total sodium and iron ion level in’
said ion exchange resin to less than 500 ppb.

b) prov1d1ng a solution of a novolak resin in a:
sultable solvent;

c) washing sald ion exchange catalyst w1th a
solvent which is compatible with the novolak
resin solvent; and

d) passing the novolak resin solution through said
ion exchange resin and thereby reducing the
total sodium and iron ion level of said
solution to less than 500 ppb.

22. The method of claim 21 wherein the total sodium and

iron ion level of the novolak resin is reduced to less
than 500 ppb.

N 23. The méthod of claim 21 wherein said ion exchange

resin is washed to reduce the total sodium and iron level
to less than 100 ppb.

24. The method of claim 21 wherein said novolak resin
produced has a total sodium and iron ion level of less
than 180 ppb.
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__diSiLa;ane,__mm“ The _phot oresi st conposition solution is then coated onto
the substrate, and the substrate is treated at a tenperature from about
70[err]C to about 110[err]C for from about 30 seconds to about 180 seconds
on a hot plate or for fromabout 15 to about 90 m nutes in a convection
‘oven. This tenperature treatnent is, selected in order to reduce the

concentration of ' “nt““m in the_phatqQ- resist, while not causing
substantial ther WB!“ mmamw t he photosensitizer. In general, one
desires to mnim e eortterftrdtion of solvents and this first

tenperature treatnent is conducted until substantially all of the solvents

have evapor ated-ard~a thin coating of photoresist conposition, on the order
of. one m cron 26§ hiTheemethodmeifne lein [FL whetéet esald 8opveher igd

mbodi the i t 85 C to_about 95 C_Th
reatmont i s CORRERIUREPR ERE SHCUEh et ts S6 menpy T ehe, alvsedones

relatively methyl ether acetate and ethyl-3-ethoxypropionate.

26. The method of claim 21 wherein the novolak resin
solvent and the solvent used for washing said ion
exchange resin are identical.

27. A method for producing a positive photoresist having'
a very low metal ion content comprising:

a) treating an acidic ion exchange resin with
water, followed by washing said ion exchange-
resin with a mineral acid solution and thereby
reducing the total sodium and iron ion level’ in
'said ion exchange resin to less than 500 ppb;

b) )providing a solution of a novolak resin in a
"suitable solvent; |

c) washing said ion exchange catalyst with a
solvent which is compatible with the novolak
resin solvent;

d) passing the novolak resin solution through said
ion exchange resin and thereby reducing the
total sodium and iron ion level of said
solution to less than 500 ppb; and

e) providing an admixture of: 1) a photosensitive
composition in an amount sufficient to

, photosensitize the photoresist composition; 2)
said water insoluble, aqueouS'alkaii soluble
novolak resin having a very low level of metal
ions and 3) a suitable solvent.

28. The method of claim 27 wherein the total sodium and
iron ion level of the novolak resin is reduced to less
than 500 ppb.

This Sheet Has Been Replaced !
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insignificant. The tenperature and tinme sel ection depends on the

pfot or‘esi’ét proopefties desired by the user, as well as the equi pment used
and comrercially desired coating tinmes. The coating substrate can then be
exposed to actinic radiation, e.qg., ultraviolet radiation, at a wavel ength
of from about.300 nmto about 450 nnmj x-ray, electron beam ion beam or

| aser radiation, i ' tern, produced by use of suitable nmasks,
negatives, stenci |Hlmmlmmllﬂﬂﬂ Iﬁm - BHe photoresist is then '
optionally subjectetl t & pdst Sexposure second baki ng or heat treatnent
either before or after devel opnent. The heating tenperatures may range from
about 90[err]Cte about 120[err]C, nore preferably from about 100[err]C to
about 110[err]C. The heatihg nmay be Qonggfted for fromabout 30 seconds to
about 2 mi nut &2 - notee JRRER pré ROl WIRE 1R 0FR3dt 0BHE¥FNADTIEeconds
on a hot plat erg¥imbpsitwdShed &boedifedrivnd eSoyl sodium and iron level

to less than 100 ppb.

30. The method of élaim 27 wherein said novolak resin

produced has a total sodium and iron ion level of less
than 180 ppb. |
31. The method of claim 27 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

32. The method of claim 27 wherein the novolak resin
solvent and the solvent used for washing said ion
exchange resin are identical. :

33. The method of claim 27 wherein the novolak resin
solvent, the solvent used for washing said ion exchange

resin and the solvent for said photoresist composition
are all identical.

34. A method for producingwa semiconductor device by
producing a photo-image on a substrate by coating s
suitable substrate with a positive working photoresist
composition comprising:

a) treating an acidic ion exchange resin with
water, followed by.wéShing said ion exchange
resin with a mineral acid solution and thereby
reducing the total sodium and iron ion level in
said ion exchange resin to less than 500 ppb;

b) - providing a solution of a novolak resin in a
suitable solvent;

c) washing said ion exchange catalyst with a
solvent which is compatible with the noyglak
resin solvent; " This Sheet Has Been Replac
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convection oven. The exposed photoresist-coated substrates are
- devel'oped to renove the i nage-w se exposed areas by i mersion in an
al kal i ne devel opi ng sol ution or devel oped by spray devel opnent process.

The solution is preferably agitated, for exanple, by nitrogen burst
agi tatdion. The-substrates are attowed to remain in the devel oper until- all,

or substantially resi st Qoggigg has di ssol ved fromthe
exposed areas. Deﬁ",ym'"smmziﬁﬂﬂude aqueods sol utions: of amoni um or

al kali metal hydroxides.t rred hydroxide is tetranmethyl anmonium
hydr oxi de. After renoval of the coated wafers fromthe devel oping sol ution

one may conduct -an opt.i.onal post- devel opnment heat treatment or bake to
increase the coatingjp adpjggkengaitthe MUk Masd i afsPut Lot €AkBAgh said .
solutions and ot her substances. The post-devel o nt heat treatnent,can
conpri se the oven baki ng PPt f& & S ﬁﬂif&ﬁ@%l%ﬁﬁ?ﬁéngoﬁp?ng' s
softening point. In industotall spdiweatdmhsirgrarioculevel of saed

solution to less than 500 ppb;

e) .. providing an admixture of: 1) a photosensitive

composition in an amount sufficient to

photosensitize the photoresist composition; 2)

. said water insoluble, aqueous alkali soluble
novolak resin having a very low level of metal
ions and 3) a suitable solvent; and

£)  heat treating the coated substrate until _
substantially all of the solvent is removed;;
image-wise exposing thé'photosenéitive
composition and removing the image-wise exposed
"areas of such composition with a suitable
developer. '

35. The method of claim 34 wherein said developer
comprises an aqueous alkaline developer.

36. The method of claim 34 further comprising the step
of baking the coated substrate immeidately before or
after the removing step. '

37. The method of claim 34 wherein the total sodium and
iron ion level of the novolak resin is reduced to less
than S00 ppb. '

38. The method of claim 34 wherein said ion exchange
resin is washed to reduce the total sodium and iron level
- to less than 100 ppb.

39. The method of claim 34 wherein said novolak resin
proddced has a total sodium and iron ion level of less
than 180 ppb.

This Sheet Has Been Replaced -
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provi de effective “‘w‘m
‘the substrate. F\\m

18 manufacture of microcircuitry units on silicon/silicon dioxide-type
subst rates, the devel oped substrates may be treated with a buffered,

hydrofluorlc aC|ﬁ%sgigfngbLng.seFu%1on The phot oresi st conpositions of

the present inve are resi st to aci d-base etching solutions and
T& ‘unexposed phot oresi st-coating areas of

ecific exanples will provide detailed

i | lustrations of thesmethdds "of produci ng-ang utilizing conpositions of the

present invention. These exanples are not intended, however, to limt or

restrict the scope of the invention in any way and shoul d not be construed

as providing condstions, paraneters or values which nmust be utilized

exclusively in order to practice the present invention.
Exanple 1 =~ 40. The method of claim 34 wherein said solvent is

selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

41. The method of claim 34 wherein the novolak resin
solvent and the solvent used for washing said ion
exchange reSin are identical.
‘
42. The method of claim 34 wherein the novolak resin
solvent, the solvent used for washing said ion exchahgé
resin and the solvent for said photoresist comp051tlon
I are all identical.
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25\graps of dry AMBERLYST 15 ion exchange resin beads were placed in a

coni cal flask and deioni zed 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 hpxt mor ni ng the wat.er was decant ed;, deioni zéd
wat er added to cover the reshn beads and tha7fl ask was shaken slowy. The
wat er was agai n decanted. 'The rinsing with deionized water and decanting
steps were repeated three nore times. The resulting slurry of ion exchange
resin was poured into a 21.5 cm long glass colum having a dianeter of 2
cm and equi pped with a porous disk and a stopcock. The resin was all owed

to settle to the bottom and t MeTso!1oRTRESBETIUNC KN TNovead RBSINS dei oni zed
water for 25 mnutes. The resin was again allowed to settle to the bottom

The bed | ength was nreasured and th%ﬂQﬁﬂzﬁﬂi%ﬁ%:&@ig%iﬁ&&%ﬁbﬁd as 68 m. A
10 percent sulfuric acid solution was passe own rough the resin bed at

a rate of about 16 m./mn (14.1 bed vol unes/hour). 6 bed vol unes of the

The present invention provides methods for producing
water insoluble, aqueous alkali soluble novolak resins
having a very low level of metal ions, utilizing treated
ion exchange resins. A method is also provided for
producing photoresist composition having a very'low level
of metal ions from such novolak resins and for producing
semiconductor devices using such photoresist compositions.

"7

I

en Replaced| \

\\\\\\\\\\\\\\\\\\\\\\\\\



- 419

amRE%é%Mﬁ%oEggaFﬂ through the resin bed. 60" b__

aelonlaﬁﬁmwwpumMeﬂﬁx ownh t hrough the resin bed

same /gﬂaaih(s) Th o~ft°t ? -bent water was neasured tof
mat ch dg DRawing@) : Pagedy,TIORAE |zed ater. 500 gr.afgs |
perce ;ig( h@ehy ga ~utoi paged - wht er 7 percent met hangl |
of abqu

and cont ai ni
i ron m {%ﬁqthe r ¢
f or mal te- a very Iqﬂgéaghmfumyetal ions a
-. <20 ppb, iron - <100 oob

Kg (48 Ibs.) of wet ANSEER | AOOG0 et hobla st 7. 1 Kg dry)(38
| bs. dry) were placed in a 0.034 neters[err] (1. 2 ft [err]) resin canister,

havi ng a pr%SE%EE

The present invention relates to a process for
producing phenolic resins having a very low level of
metal ions, especially sodium and iron, and for using
such phenolic resins in light-sensitive compositions.
The present invention also relates to a process for
making light-sensitive compositions useful in positive-
working photoresist compositions. Further, the present
invention relates to a process for coating substrates 3
with these light-sensitive compositions”as well as the
process of coating, imaging and developing these light-
sensitive mixtures on substrates.

Photoresist compositioﬁs are used in
microlithography processes for making miniaturized
electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in
these processes, a thin coating of £ilm of a photoresist
composition is first applied to a substrate material,
such as silicon wafers used for making integrated
B circuits. The coated substrate is then baked to
K#i evaporate any solvent in the photoresist cgmppsition and

to fix the coating onto the substrate. The baked coated
surface of the substrate is next subjected to an image-
wise exposure to radiation. '

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




CEMENT, SHEET|

, an'agitator

rating of 275,790 PA (40 psig). Into a 1895 liter (500 gal.)
feed kettle, having a pressure rating of 689,475 PA (100 psi
and a 7.62 cm (3 inch) 696,370 PA (101 psig) rupture disk, s 24HA 89999
liters (100.0 gal.) of deionized water.. The.feed kettle was |priessurized to
137,895 PA (20 psig) using nitrogen and water -was slowy trTnsferred

t hrough a bottomoutlet valve through the resin canister thkeugh_a_feed
valve into a glass-lined product kettle, having a pressure rating of
1,034,213 PA (150 psig) and a 5.08 cm (2 inch) 689,476/689,476 PA (100/100
psi g) doubl e rupMataldicrtE@sinakion baswvdreen erpxplenmdfor a longith all

val ves cl os 3 | #0554 :gal J 6f; fei o hen 24.75 Kg
(55 Tbs.) of (%'519“862 83% the ! iapricabigh g)fv\g{rlgighd;c{h%igﬂ{ _\éﬁ%ﬁéég?ggﬁakeme. The
agi tat or wa§i¥SULS GNg FREREL eFechdBser Afven a&amﬁtﬁﬁj néBCEeased

20-30] er r] CdeFeedsed i@ld | Podgsspr aeg#a@ad 4o Rl d86redsed0 psig) using
nitrogen and t bottonlou%%et val ve was opened to iiomﬁﬁ ﬁransfer,the
sul furic acPEIIETHAYF ¢ hr bugPLRREE PLAC St PCEHES TR RS oBRALHR et

val ve to thend ddwort, ketiémethdpearel pirasdinte wasplapesedsists, can
' cause contamination especially during plasma stripping.
However, these problems have been overcome to a
substantial extent during the fabrication proéess. For
example, by utilizing-HCL_gettering'of the contaminants
L/ during a high temperature anneal cycle.
_ As semiconductor devices have become more
sophisticated, these problems have become muth more
difficult to overcome. When silicon wafers are coated
with a liquid positive phétqresist 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 plaéma stripping process
is repeated, more degradation of the device frequently
occurs. A primary cause of such problems has been found
to be the metal contamination in the photoresist,
particularly sodium and iron ions. Metal levels of less
| than 1.0 ppm in the photoresist have been found to
o adversely affect the properties of such semiconductor
devices. . | _
Novolak resins are frequently used a polymeric
binder in diquid 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. In producing sophisticated
semiconductor devices, it has become increasingly
important to provide novolak resins having metal
contamination levels well below 1.0 ppm. '
There are two types of photoresist compositions,
negative-working and positive-working. When negative-




as to obtaln a I|qu|d flow rate of about 1.33° I|ters (0.35]
feed kettle and product kettle were t hen drai ned, the feed
“valve to the resin canister was closed and the feed kettle
~ dei oni zed water. - 1705.5 liters (450 gal.) of deioni

charged to the feed kettle; the tenperataré was mai ntai ne

‘and the agitator was set at 60 rpm The feed kettle was prjessurizettoe—
137,895 PA (20 psig) using nitrogen and the bottom outl et
slowy transfer the water through the resin canister through t he inlet

G99
20- 30[err C

Lve opened to

Y?l geg; o ;%ﬁk?ﬂ#cbh‘éﬁgﬁﬁ. 6%#{1& £aLeo0L AN Il Fuildd of S

assure thatt9trﬁ§%éﬁéenp &he areas of the res15t compOSLtlon exposed

to the radiation 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 a solution. Thus, treatment
of an exposed negative-working resist with a developer
causes removal of the non-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

'comp051t10n was deposited.

On the other hand, when p051t1ve—work1ng photoresist
compositions are exposed image-wise to radiation, those
areas of the photoresist Eomposition 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 developer causes removal of the
exposed areas of the coating and the creation of a
positive image in the photoresist coating. Again, a
desired portion of the underlying substrate surface is
uncovered.

Af;er.this development operation, the now partially
unprotéctod 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 photoresis; 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



pH;of'fresh'de'
amere conpletelly
cl osed. 414

contents of the feed and product I SHERREET
rning off the agitator and alrﬁﬁgﬁ§g@m§gfgﬂEE
al.) of a 37 percent formal dehyde sol ution
havi ng 280 ppb sodi um and 280 ppb iron was

charged to thqg fieed kettle ang §he tenperature was .maintained at°™ .

- 20-30[err] C. The bottomoutle al ve was opened to slowy transfer the.

f or mal dehyde setut+en-thraugh the resin canister. The inlet valve of the

product kettle was opened to obtain a liquid flowrate of about 2.65 liters
(0.7 gal.)/substrate shefaoeductIirketdme. iTseahoesnl dehyide destiaiabde Had a

I | _ : i . : j - iy - <20 b.
Exanpl o3 Heac? prERERLne Tontid e e SECRITE. avhetP Becdeithe S50 O
beads (88.2dRYedPpPERys sitep and )bekore prheedtrhiagosrep ndierigianagse 6. 2
ft.lerr]) TeeENaBRASILA" coBHS hritidf BEog CohBLERALQl 2RED (A PA (40 psig).

Into the resin,canister, cleaned according to e cl eani ng process set
forth in ExRRPLECANGESS LR FLLMINDSQILBAVS. | bs. ) of fornal dehyde as a 37

percent fornal debpdétive 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

- LJ' resist composition can transfer from the photomask'to the
"substrate with a high degree of image edge acuity after
exposure and development. In many mandfacturing
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 patterh
transfer of the mask image onto the substrate. |

T,
in water and 7 é?@ngﬁégsﬁiﬁf

EHMMABI_QE;IHE_INYENIIQN
: The present invention relates to a process for
A producing phenol formaldehyde resins containing very low

levels- of metal ions, especially sodium and iron, and a
process for their use in photoresist compositions. The
invention Further relates to a process for making
positive-working photoresists containing these phenol
formaldehyde resins and a photosensitizer, and a process
for using such photoresists in producing semiconductor
devices. '

The process of the subject invention provides water
insoluble, aqueous alkali soluble novolak resins obtained
by condensing with formaldehyde one or more phenolic
compounds, such as meta-cresol, para-cresol, 3,5-
dimethylphenol or 3,5-xylenol.



sof uti-on
=-21 - pp
transferr

©(33.3 Ibs.

| ow | eve
Exanpl e 4
| bs,) of
net hano

met hanol , haV|ng about 280

iIron. The formal dehyde sol ution was slomﬁy
ed tﬁr_ugn THE TESI ani ster at a flow rate- of aboufRFRIATBENIGSHEET
) of - [ i nute. The fornal dehyde obtained had a very
of fre alﬂ?cé\(rg’smlggqf | llows: - S um - 10 ppb, iron - 20 ppb.
fl Exanple 3 was repeated and 1372.5 Kg (3050
f or mpl dehyde as a 37 rcent solutlon in water and 7 percent
was ' reS|n

The novolak resins obtained have very low levels of
metal ions such as iron, sodium, potassxum, calcium,
magnesium, copper and zinc. The total metal ion level is
preferably less than 1 ppm, more preferably less than S00
ppb. Sodium and iron are the most common metal ion
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 ioms, are
respectively, less than 100 ppb and 400 ppb, 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 2Q0. ppb and 20 ppb.

Water lnsoluble, aqueous alkali soluble novolak resins
having a very low levels of‘metal ions may be obtained by
condensing formaldehyde hav1ng a very low level of metal
ions with one or more phenolic compounds, such as m-cresol,
p-cresol, 3,5-dimethyl phenol or 3,5-xylenol, having a very
low level of metal ions. The condensation reaction i§ '
preferably carried out in the presence of an acid catalyst,
such as oxalic acid. In a preferred embodiment of the
process of the present invention, the oxalic acid also has
a very low level of metal ions. .

Water insoluble, aqueocus alkali soluble novolak resins
may also be obtained by utilizing an acidic ion- exchange -
resin to purify such novolak resins.

- US-A-5 073 622 discloses a process for producxng
'novolak resins hav1ng a total sodium and iron ion: level ©of.
less than S00 ppb by dissolving the novolak resin inan
organic solvent and contacting the solution with aqueous
solutions of an acidic complex forming compound.

The claimed invention differs from that process in

" that the solution of the complex forming agent is replaced

by an acidic ion exchange resin which is pretreated a) with
water and a mineral acid solution and ¢) with a solvent
which is compétible with the novolak resin solvent-f'



cani ster. - TR
&nd.an iron
180 grans of|d

?gjﬁhgﬁfy" ained{has'a'solutTonuion'Ievef of <10 ppb .
L pb. ' ' Exanple

'y AMBERLYST 15 [i on exchange resin -beads were placed in a

coni cal flask pn@ @AUGTMI92d gt er was added so that all of the reREp| ACERMENT SHE!
wer e under ter. The flasK was seal ed and allowed to stand overnight to

swel | the relsin Deads. The Tleft norning the water was decanted, deionized

wat er added Lo _cover the resir beads and the flask was shaken slomﬁy The

wat er was agaln decanted The r|n5|ng W th delonlzed mater and decanting

st eps RSN iG] B : P BD IR DIMENDf i on exchange

i g t ' di sk.and
St opcock. pout ety éifa@se"’ﬁ ae%kﬁéét ?g%%%ivé W%%?%"ﬁ%h@egﬁﬁmém
back flush@@VAak ey cdavingr af yergs lowltesel e mesah dessagai n
al | oved top%etctﬂ&ﬂa)d;hes@&i&ﬂ"%nd lrglihe Wdrﬁ{‘g&ﬂr#@ﬁn&?@su%ﬁ and the .
0 uri SO

bed volunme was calculated as 5 10 percent su C aci | ution
was passedPFRAEThriritl R *Bspfifde dona exghange apsin 180 npurbfy the. 1

bed vol unegormal)dehyddeshdpl UAes phrthiewd@dy preferred embodiment,
uses the same type of ion exchange resin to purify the acid
catalyst, e.g. oxalic acid. The subject process'cdﬁprises:

a) treating an acidic ion exchange resin with water,

preferably deionized water, followed by a mineral

W o acid solution (e.g. a 5-98% solution of sulfurig,
nitric or hydrochloric acid) to reduce the level
of total sodium and iron ions in the ion exchange
resin to less thap'sbo ppb, preferably less than
100 ppb, more préferably less than S0 ppb and
most preferably no more than 20 ppb;

b) passing a water/formaldehyde solution through the
ion exchange resin and reducing the level of
total sodium and iron ions in the solution to.
less than 500 ppb, preferably less than 375 ppb,
more preferably less than 250 ppb, even more
preferably less than 180 ppb and most preferably
less than 40 pPpb;
providing one or more phenolic compounds having a
total sodium and iron ion content of less than
200 ppb, preferably less than 100 ppb, more
preferably less than 50 ppb and most preferably
less than 30 ppb;

d) condensing the formaldehyde with one or more of
the phenolic compounds, in the
presence of an acid catalyst, preferably
oxalic acid, to produce a water insoluble,
aqueous alkali soluble novolak resin having a
total sodium and iron ion level of less than 500
ppb, preferably less than 375 ppb, more
preferably less than 250 ppb, even more




s : TSR s WIRATT ¥ o . . .
solution were CLALEMENT, e resin bed. 50 bed vol unes of deionized
wat er were thgnj|passed down tnrough the resin bed at about the same flqw
rate. The pH of |t h2 OcABG d2a% er was neasured to assure thatREPLAﬁﬁNﬁ*ﬂdSHEET
the pH.of 6 farjfresh deionizad wat er .

-22- 3600 grans of an 8 percent 9xallc acid solution in water
contai ning abqut_ 110 ppb of sodium and’about 140 ppb of iron was passed

ﬂﬁﬁ“atCé‘r’SgPoﬁeCEFb*fé Sl 5o Tnds PLRE H8s 16, %%' o BieRt <xalh - "e1o
ppb. less than 4Gppiple 6
The,present invention further provides a process for
producing a positive photoresist composition having a very
low level of total sodium and iron ions. The subject
process comprises: |

- a) treating an ac1d1c ion exchange resin w1th water,
- preferably deionized water, followed by a mineral
acid solution (e.g. sulfuric, nitric or
hydrochloric acid) to reduce the total sodium and
iron ions in the ion exchange resin to less than
U o S00 ppb, preferably less than 100 ppb, more
preferably less than 50 ppb and most preferably
no more than 20 ppb
b) passing a water/formaldehyde solution through the
ion exchange resin and reducing the total sodium
and iron ion level to less than 500 ppb,
preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less than
180 ppb and most preferably less than 40 ppb;
c) providing one or more phenolic compounds having a
total sodium and iron ion content of less than
200 ppb, preferably less than 100 ppb, more
preferably less than 50 ppb and most preferably

N ' * less than 30 ppb;
. d) condensing the formalﬁehyde with one or more of
" the phenolic compounds, " in the
presence of an acid catalyst, preferably

oxalic acid, to produce a water insoluble,
aqueous alkali soluble novolak resin having a
total sodium and iron ion level of less than 500
ppb, preferably less than 375 ppb, more
preferably less than 250 ppb, even more
preferably less than 180 ppb and most preferably
less than 40 ppb; '

e) providing an admixture of: 1) a photosensitive
component in an amount sufficient to



116 325 Kg (g@ﬁlﬁﬂjﬁﬁE ' 7 percent sol ution of the .low metal ion

€ont ai ning florgralde yde.of ; 'nple 2 was placed into a 379 liter ?
teflon-1inedf e@@@tﬂﬂ@‘?‘)h ilng a pressure rating of 689, 47REPAA %&8NS§H9E))ET

5.08 cm (P jnch) 413,685 PA (60 psig) rupture disk. Into.
a 1895 liter {(! g i ned solvent: kettle was added 270" Kg (600
| bs.) of ligyid ethox - 3- propionaﬁe‘solvent (EEP). Into a 758 .

ating of 20068 4283%%‘?%%85%2?5 RE TSR IR | complRLEieng BLOSPS
psig) rupture disk, 2 QSWRSGFSJ-PES?]-)de-fe:t [ReTusous callsadiosoibnbdpl e 3 was

added as a powder., th&éPyUBKkaArasid B Iaanaw pPéx}eW éh eoEatLl ssak
160. 74 Kg (357.2 |Ds. %@Ot a m,xture of ercen eso 40. percent

p-cresol and 14.0 petlentronsighseage 3 i) elﬁﬂ V%9EIS of <10 ppb
sodi um and 270 Tipd im@@ntiaan8fulﬁghe(r4&r&d:l&eé Himerhodegor pirgdudihavi ng

"bs’) of | § A eder el deT AT AR ted i 4 o G001 BR84S 88 fim and 40
ppb iron. substraﬁmebyeaoatmngkalBbaﬂapkeﬂsnbsﬂxa&etwathlaOpoputané t he
;fggfgagg&?% ﬁgﬁbgégbgg%igg3g%ﬂgﬁ% g.ﬁ§cnnthe feed kettle, over a 90
treating an acidic ion exchange resin with water, '
preferably deionized water, followed by a mineral
o acid solution (e.g. sulfuric, nitric or
o S hydrochlorlc acid) to reduce the total sodlum.and
iron ions in the ion exchange resin to less than
500 ppb, preferably less than 100 ppb, more
- preferably less than 50 ppb and most preferably
no more than 20 ppb:;

b) passing a water/formaldehyde solution through the
ion exchange resin and reducing the total sodium
and iron ion level to-less than 500 ppb,
preferably less than 375 ppb, more pfeferably
less than 250 ppb, even more preferably less than

. 180 ppb and most preferably less than 40 ppb:;

c) providing one or more phenolic compounds having a
total sodium and iron ion content of less than
200 ppb, preferably less than 100'ppb, more
preferably less than 50 ppb and most preferably
less than 30 ppb:

an agitator

( |

" d) condensing the formaldehyde with one or more of
the phenolic compounds, in the
presence of an acid catalyst, ' preferably

oxalic acid, to produce a water insoluble,
aqueous alkali soluble novolak resin having a
total sodium and iron ion level of less than 500
ppb, preferably less than 375 ppb, more
preferably less than 250 ppb, even more
preferably less than 180 ppb and most preferably
less than 40 ppb; '



Ibs?) of the R&Fhﬁﬁ&ﬁﬁﬁﬁésgﬁﬁﬁ ion at ‘a nass fIOM/rate of about 1.3 Kg (2 9

Fbs.)/ mn. THe f{énperat ure s_then ‘mai nt-ai ned at 92-96[err]C for. 7 hours

At nospheri ¢ C|st|QMaAugn9@g sol vent- was initiated and the dﬁ&PLACQHENTQ”CrT
was allowed tjo|flow to the f e kettle. Jhe tenperature of the reaction

m xture was- rfailsee—ever—a—peri ¢d of 3 holir's to about 190[err]C. Additi onal

heat and vacuum wergq¢ applied to the reaction kettle until the
tenperature r €d abou err] C and 4666 PA (35 nm Hg) vacuum which

was held for about 15 m nutes. The vacuum was then released and the -

reaction was con@) et eprovidihgoant Aentiieierd &ettle) vaspradededdftkge( 600
| bs.) of
component in an amount sufficient to
photosensitize the photoresist composition; 2)
the water insoluble, aqueous alkali soluble
novolak resin having a low level of total
sodium and iron ions and 3) a suitable solvent;
£) 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
W areas of such composition with a suitable
: S developer, such as an aqueous"alkaline
'developer. Optionally one may perform a baking
of the substrate ‘either 1mmed1ately before or
after the remov1ng step. .

It has been found that a novolak resin containing
very low levels of metal ion contamination cannot be
obtained by first condensing formaldehyde with one or
more phenolic compounds, in the presence of an acid
catalyst, and then attempting to remove the metal ions
from the resin unless: 1) the novolak resin in placed in
a solution using a suitable solvent; 2) the ion exchange
resin is treated with water and a mineral acid solution,
as described above; 3) the ion exchange resin is then
thoroughly rinsed with a solvent which is the same as or
at least compatible with, the novolak resin solvent; and
4). the novelak resin solution is then passed through the
ion exchange resin. ' _

The process for directly purlfylng the novolak resin
process comprises:

a) treating an acidic ion exchange resin with

water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
of sulfuric,'nitric or hydrochloric acid) to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferably less

-



EEP, over 5 mn., into the reaction kettle. The reactant
nas di ssol VRE e ahdithe resulting solution of novol akRE;Bmanmﬁ' SHEET
passed thrqu Tr ' ) er (0.4 micron) Cuno cartridge filter. A

sol ution of} k in EEP-cpot ai ned: 40 ppb sodium 60 ppb
iron, <10 pbpb} pot assi pb cal cium <10 ppb nmagnesium 30 ppb copper
and <I0 ppb\ ztrc, olution was again filtered by passing through
: rtron) Acrodisc flat filter. The netals ion | evels

were: 14 ppb~Sodi um lron, <10 ppb potassium_ <10 b cal eium <10
ppb magnesi um 25 ppH%Fngﬁq aHHb<1@°5§bQ§Qﬁ§rab1Y less Chan 50 ppb
Exanpl e 7 The__prm@sﬁo@tt preferapd nRiReAlathaNgo thgp et al ion

| evel s neasured or t ercent ol ak resin solutlon were: <20 ppb
sodi um and 40 pp ovra b olution of nove lak F@dngin a The

process of Exanple 6SMﬁtah$easeﬂvend the metal ion levels neasured for the
40 percent novolgk reSldheing the acidic ion exchange resin with a
solvent which is the same as or compatible with
the'novolak_resin solvent, preferably the resin
is treated with sufficient solvent to remove a
majority of the water remaining on the ion
exchange resin, most preferably substantially
O ' all of the water is.removed; and .
. 4) passing the novolak resin solution through the -
.ion exchange resin and reducing the total
Sodium and iron ion level to less than 500 ppb,
- preferably less ‘than 375 ppb, more preferably
less than 250 ppb, even more preferably less'
than 180 ppb and most preferably less than 40.
ppb. '
The present invention further provides a process for
- producing a positive photoresist composition having a R
very low level of metal ions. The subject process
compfises:
L a) treating an acidic ion exchange resin with
\ water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
of sulfuric, nitric or hydrochloric acid) to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferably less
than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb;

b) providing a solution of novolak resin in a
suitable solvent;
c) treating the acidic ion exchange resin with a

solvent which is the same as or compatible with
the novolak resin solvent, preferably the resin
is treated with sufficient solvent to remove a



sol uti on were:
Exanple 9

| evel s nmeasur
sodi um and 60
7580 liter (20D0Y gal .
pressure ratin
PA (115 psi Q)

raufHBERhd <20 ppb iron. - -

Fﬁ%ggﬁ% anpl e gpmas repeated and thé”héfﬁ Mt%ESH[ET
Eﬁﬁgwpe cent novol.ak resin solution were: <20 ppb

\ Exanpl e 10 Into a

' s steel” 11hed reaction kettl e, having a

, 068, 428 PA {300 psig) and a 7.62 cm (3 inch) 792, 897

majority of the water remaining on the ion
exchange resin, most preferably substantially
all of the water is removed; |

d) passing the novolak resin solution through the
ion exchange resin and reducing the total
sodium and iron ion level to less than 500 ppb,
preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; and . .

W e) providing an admixture of: 1) a photosensitive
e component in an amount sufficient to _
‘photosensitize the photoresist composition; 2)
the water insolqb;e, aqueous alkali soluble
novolak resin having a low level of 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 by:

a) treating an acidic ion exchange resin with'

water, preferably deionized water, followed by
a mineral acid solution (e.g. a 5-98% solution
. of sulfuric, nitric or hydrochloric acid) -to
reduce the total metal ions in the ion exchange
resin to less than 500 ppb, preferably less
than 100 ppb, more preferably less than 50 ppb
and most preferably no more than 20 ppb; '

-b) providing a solution of novolak resin in a
suitable solvent;

c) treating the acidic ion exchange resin with a
solvent which is the same as or compatible with
the novolak resin solvent, preferably the resin

~is treated with sufficient solvent to remove a
majority of the water remaining on the ion
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less than 250 ppb, even more preferably less
than 180 ppb and most preferably less than 40
ppb; -

e) providing an admixture of: 1) a photosensitive

component in an amount sufficient to .
photosensitize the photoresist composition; 2)
_the water insoluble, aqueous alkali soluble
novolak resin having a low level of metal ions
‘and 3) a suitable solvent; and

f)  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.

An acidic ion exchange resin, such as a
styrené/divinylbenzene cation exchange resin is utilized
in the present process. Such ion 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 of sodium and iron. Before being utilized
in the 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. Preferably the
ion 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

RrhRER. Begtto) et nRs oAby noUPSEaRERBL er 1
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f Exanple 10 was repeated by using 1372.5 Kg

S a 37 percent solution of the |ow nmetal ion

~cont ai ning fornal denyde of Exanple 2. The product was dissolved in about

3375 Kg (75@91%572?610%@%trﬁaetecbggaimgwnahpsheemnemalh deidof novol ak

in PGVEA cogb2i6£6n4dnBPent@dinéPd Finsd® WPbh deionized water. When
purifying novolak resin solution, it is critical that the
ion exchange resin is then rinsed with a solvent which is
the same as, or at least compatible with, the.novolak
resin solvent. |
The formaldehyde or novolak resin is preferably
passed through a column containing'the ion exchange resin
as a solution, e.g. a solution of about 38 percent
formaldehyde in water and methanol or a solution of about
U 40 percent novolak resin in propylene glycol methyl ethe;
acetate. Such solutions typically contain from 250 to
1000 ppb each of sodium and iron ions. During the
process of the present 1nvent10n, these levels are each
reduced to as low as 10 ppha ’
The phenollc compounds condensed with the purified
formaldehyde must also have a low level of metal ions.
Such low levels may be achieved by distilling such
phenolic compounds so that the total sodium and iron ion
content is as low as 50 ppb or less. _ |
In a more preferred embodiment of this invention the
acid catalyst, e.g. a water solution of oxalic acid, is
| _ also-passed_thréugh a column containing an acidic ion
N exchange resin. Untreated oxalic acid typically has
metal ion levels of about 1000 to 2000 ppb or higher of
each of sodium and iron. After treatment by passing
through the ion exchange resin, metal levels are reduced
to as low as 10 ppb in a 10 percent solution of oxalic
acid in deionized water, which is the detection limit of
tests used to determine metal ion levels. Even though
only about 1 percent of oxalic acid is typically utilized
as a catalytic amount in the preferred embodiment of the
present process, its contribution of the metal ion
concentration could be very high.
. The present invention provides a process for
producing a photoresist composition and a process for
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- Exanple 12 - | 1The process o] fxanple 2 was repeated except that the

for mal dehyde, [was 20tAPAII¥d {htough tHet ion exchange resin bed to reduce
the -metal ionjcqntent. A novollak resin was produced, as in Exanple 6 and
di ssolved in i gtymeT0o providela solution containing 20 wei ght.- percent of
the novol ak rgsin. This untreated solution contained about 150 ppb sodi um

and,anout 4¢0GuBTRY B LAY o 4B LhshoPRtast v A on
resul ting compesdkibad a Theliphotwmresist otompostitidh mﬁaﬁnnmed1mwon
content of ,ABQYHI A& AnPRimixture of a photosensitize{@BHE sibject
water insoluble, aqueous alkali soluble novolak resin and
a suitable solvent. Suitable solvents for such photo-
resists and for novolak resins may include propylene
glycol mono-alkyl ether, propylene glycol alkyl (e.g.
methyl) ether acetate, ethyl>3-ethoxyprppionate, ethyl
lactate, mixtures of ethyl-3-ethoxypropionate and ethyl -
lactate, butyl acetate, xylene, diélyme, ethylene glycol
monoethyl ether acetate. The preferred solvents are .
propylene glycol methyl ether acetate (PGMEA) and ethyl-
3- -ethoxypropionate (EEP). .

Other_optional ingredients such as colorants, dyes,
anti-striation agents, leveling agents, plasticizers,
adhesion promoters, speed erhancers, solvents and such
surfactants as non-ionic surfactants may be added to the
solution of novolak resin, sensitizer'and solvent before
the photoresist composition is coated onto a substrate.
Examples of dye additives that may be used together with
the photoresist compositiohs of the present invention
include Methyl Violet 2B (C.I. No. 42535), Crystal Violet
. (C.I. 42555). Malachite Green (C.I. No. 42000), Victoria
o Blue B (C.I. No. 44045) and Neutral Red (C.I. No. 50040)

at one to ten percent weight levels, based on the
combined weight of novolak 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 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 percént weight levels, based
on the combined weight of novolak and sensitizer. The
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of the water and then 74.g of NTSHEFT
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anpl e 6) solutfon in PGVEA cont ai ni ng 1300 ppb of sodi um
and 210 ppb of ijr ough the colum. Initial 14 m., col umm
dead volume (nostly dyglyne) was discarded The resin solution obtained had
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was repeat ethermatenigl oindaenabde heplapp bicatson| efinadfadn whaal ikevel s
el o 15 SHootRHd of HnPRBrAnicRhcsd R0 We SHbSEFAtEs 52 wei ght
per cent solut|onA@hesh@npnrbmpéerﬁovﬁuaﬂlnmsydb@fused include, for
example, beta-(3,4-epoxy-cyclohexyl)-
ethyltrimethoxysilané: p-methyl-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 speed enhancers that may be used
include, for example, picric acid, nicotinic acid or §
"mitrocinnamic 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 speéd
of development is the overriding 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
L¢: ‘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-ionic
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
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of the desired thickness, given the type of spinning
equipment utilized and the amount of time allowed for the
spinning process. Suitable substrates include silicen,
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 microprocessors
ahd. 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 cbmpoéition, 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 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_coﬁéentration of residual solvents in the photo-
resist, while not causing substantial thermal degradation
of the photosensitizer. In general, one desires to
minimize the concentration of solvents and this first
temperature treatment is conducted until substantially
all of the solvents have evaporated and a thin coating of
photoresist composition, on the order of one micron in
thickness, remains on the substrate. In a preferred
embodiment the temperature is from about 85°C to about
95°C. The treatment is conducted until the rate of
change of solvent removal becomes relatively
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absorbance at 37 nmfor 1.5 mcrHoneter (1.5 um filns on quartz plates

after exposure.to.yarying leyels of radiation. R was calcul ated by
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. 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%5} 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 substrates are
developed to remove the image-wise exposed areas by
immersion in an alkaline developing sclution or developed
by spray development proceSsJ The solution is preferably

- agitated, for example, by nitrogen burst agitation. The
K,: 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 hy@roxides.

One preferred hydroxide is tetramethyl ammonium
hydroxide. After removal of the coated wafers from the
developing solution, one may conduct an optional post-
development heat treatment or bake to increase the
coating's adhesion and chemical resistance to etching
solutions and other substances. The postédevelopment
heat treatment can comprise the oven baking of the
éoating and substrate below the coating's softening
point. 1In industrial applications, particularly in the
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manufacture of microcircuitry units on silicon/silicon
dioxide-type substrates, the-developed substrates may be
treated with a buffered, hydrofluoric acid base etching
solution. The photoresist compositions of the present

- invention are resistant to acid-base etching solutions
and provide effective protection for the unexposed
photore31st coating areas of the substrate.

The following specific examples will prov1de
detalled illustrations of the methods of producing and
utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict

L/' _the scope of the invention in any way and should not be ;
' construed as providing conditions, parameters or values
which must be utilized exclus1ve1y in order to practlce
the present invention. =

Example 1
25 grams of dry AMBERLYST 15 ion exchange resin
beads were placed in a conical flask and deionized water
was added so thit 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 added to cover the
o '~ _resin beads and the flask was shaken slowly. The water
was again decanted. The rinsing with deionized water and
deéanting steps were repeated three more times. The
resulting $lurry of ion exchange resin was poured into a
21.5 cm. long glass column having a diameter of 2 cm. and
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
calculated as 68 ml. A 10 percent sulfurlc acid solution
was passed down through the resin bed at a rate of about
16 ml./min (14.1 bed volumes/hour). 6 bed volumes of the
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effluent water was measured to assure that it hatched the
pH of 6 for fresh deionized water. |
500 grams_of'a 37 percent formaldehyde solution in

water and 7 percent methanol, having a pH of about 3.5 and
containing about 240 ppb of sodium and about 4900 ppb of
iron was passed down through the resin bed at the same flow
rate. The formaldehyde obtained had a very low level of
me;gl ions as follows: sodium - <20 ppb, iron - <100 ppb.

gxgmglg 2 :
21.6 Kg (48 1lbs.) of wet AMBERLYST 15 ion exchange
resin beads (17.1 Kg dry) (38 lbs dry) were placed in a
0.034 meters® (1.2 £t.’) resin canister, having a pressure
rating of 275,790 PA (40 psig). Into a 1895 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 379 liters
(100.0 gal.) of deionized water. The feed kettle was
pressurized to 137,895 PA (20 psig) using niErogen and
water was slowly transferred through a bottom outlet valve
through the resin canister through a feed valve into a
o _ glass-lined product kettle, having a pressure rating of -
' 1,034,213 PA (150 psig) and a 5.08 cm. (2 inch)
689,476/689,476 PA (100/100 psig) double rupture disk.
Both kettles were then drained.

With all valves closed, 208.45 liters (55 gal.) of
deionized water and then 24.75 Kg (S5 lbs.) of 98 percent
sulfuric acid were charged té the feed kettle. The )
agitator was set at 60 rpm and the temperature was
maintained at 20-30°C. .Tﬁe 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
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&taifed, WeReeifReH Kbt Bt 188Svalve to the resin canister
was closed and the feed kettle was rinsed with deionized
water. _ '

1705.5 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 ocutlet wvalve opened to slowly

‘transfer the water through the resin canister through the

inlet valve to the product canister at a-liquid flow rat%:
of about 6.8 liters (1.8 gal.)/min. The pH of the water in
the product kettle was tested to assure that it matched the
pH of fresh deionized water. ' The contents of the feed and
product canisters were completely drained after turning off
the agitator and all valves were closed. _

416.9 liters (110 gal.) of a 37 percent formaldehyde
solution in water and 7 percent methanol, having 280 ppb
sodium and 280 ppb iron was charged to the feed kettle and
the temperature was maintained at 20-30°C. The bottom
outlet valve was opened to slowly transfer the formaldehyde
solution through the resin canister. The inlet valve of
the product kettle was opened to obtain a liquid flow rate
of about 2.65 liters (0.7 gai.)/min. into the product
kettle. The formaldehyde obtained had a very low level of
metal ions as follows: sodium - <20 ppb, iron - <20 ppb.

Example 3

111.6 Kg (248 1bs.) of wet AMBERLYST 15 ion exchange
resin beads (88.2 Kg dry) (196 lbs. dry) were placed in a
0.174 meters® (6.2 ft.’) resin canister, having a pressure
rating of 275,790 PA (40 psig).

Into the resin canister, cleaned accordlng to the
cleaning process set forth in Example 2 was fed 1415.25 Kg
(3145 1lbs.) of formaldehyde as a 37 percent formaldehyde
solution in water and 7 percent methanol , having about 280
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slowly transferred through the reszn canister at a flow
rate of about 14.985 Kg (33.3 lbs. ) of solution per minute.
The formaldehyde obtained had a very low level of metal
ions as follows: sodium - 10 ppb} iron - 20 ppb.

Example 4
The procedure of Example 3 was repeated and 1372.5 Kg
(3050 1bs.) of formaldehyde as a 37 percent solution in
water and 7 percent methanol was passed through the resin
canister. The formaldehyde obtained has a solution ion -
level of <10 ppb and an iron ion level of <20 ppb.

Example S . :

180 grams of dry AMBEﬁLYST 15 ion exchange resin beads
were placed in a conical flask and deionized ﬁater 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 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 more times. The resulting slurry of ion
exchapge resin was poured into a 500 ml. glass column
having 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
calculated as 500 ml. A 10 percent sulfuric acid solution
was passed down through the resin bed at a rate of about 16
ml./min (14.1 bed volumes/hour). 6 bed volumes of the acid
solution were passed through the resin bed. 50 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
for fresh deionized water.
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116.325 Kg (258.5 lbs.) of a 37 percent solution of

the low metal ion containing formaldehyde of Example 2 was

placed into a 379 liter (100 gal.) teflon-lined feed

ke;tle,'having a pressure rating of 689,475 PA (100 psig)

Y ar agitator and a 5.08 cm. (2 inch) 413,685 PA (60 psig) _
rupture disk. Into a 1895 liter (500 gal.) glass-lined
solvent kettle was added 270" Kg (600 lbs.) of liquid
ethoxy-3-ethoxypropionate solvent (EEP).

Into a 758 liter (200 gal.) stainless steel lined

reaction kettle, having a pressure rating of 2,068,428 PA
(300 psig) and a 7.62 cm. (3 inch) 792,897 PA (115 psig)
rupture disk, 2.25 Kg (5 1lbs.) of the oxalic acid of
Example 3 was added as a powder, through'a'S.OS cm. (2
inch) port with a ball valve. 160.74 Kg (357.2 1lbs.) of a
mixture of 45.2 percent m-cresol, 40.6 percent p-crescl and
14.0 percent 2,5-xylencl, having metal ion levels of <10

. ppb sodium and 270 ppb iron, 21.87 Kg. (48.6 lbs.) of m-

W cresol liquid having metal ion levels of 250 ppb sodium and

70 ppb iron, and 42.75 Kg (95.0 lbs.) of p-cresol liquid
having metal ion levels of 300Ippb sodium and 40 ppb iron.
' The reaction kettle agitator was set at 100 rpm and
the temperature was maintained at 92-96°C. From the feed
kettle, over a 90 minute period, was added 116.37 Kg (258.6
lbs.) of the formaldehyde solution at a mass flow rate of
about 1.3 Kg (2.9 lbs.)/min. The temperature was then

‘maintained at 92-96°C for 7 hours. Atmospheric

distillation of the solvent was initiated and the
distillate was allowed to flow to the feed kettle. The .
temperature of the reaction mixture was raised over a .
period of 3 hours to about 190°C. Additional heat and
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‘vacuum were applied to the reaction kettle until :hé
temperature reached about 200°C and 4666 PA (35 mm Hg)
vacuum, ‘ which was held for about 15 minutes. The vacuum
was then released and the reaction was complete.

From the solvent kettle was added 270 Kg (600 lbs.) of
EEP, over a period of about 35S min., into the reaction
kettle. The reactant was dissolved in the EEP and the
resulting solution of novolak resin was passed through a
0.4 micrometer (0.4 micron) Cuno cartridge filter. A
solution of 40 percent novolak in EEP contained: 40 ppb
lsodium, 60 ppb iron, <10 ppb potassium, <10 ppb calcium,

U <10 ppb magneszum, 30 ppb copper and <10.ppb zinc. 3
The solutlon was again filtered by passing through a

0.2 micrometer (0.2 micron) Acrodisc flat filter. The
metals ion levels were: 14 ppb sodium, 15 ppb iron, <10 ppb
potassium, <10 ppb calcium, <10 ppb magnesium, 25 ppb
copper and <10 ppb zinc.

. Example 7
The process of Example 6 was repeated and the metal
_ ion levels measured for the 40 percent novolak resin
solution were: <20 ppb sodium and 40 ppb iron.
_ Example 8
kQ’ - The process_of Example 6 was repeated and the metal

ion leve;s measured for the 40 percent novolak resin
solution were: <20 ppb sodium and <20 ppb iron.

Example 9 _
The process of Example 6 was repeated and the metal
ion levels measured for the 40 percent novolak resin
solution were: <20 ppb sodium and 60 ppb iron.

Into a 7580 liter (2000 gal.) stainless steel lined

reaction kettle, having a pressure rating of 2,068,428 PA
(300 psig) and a 7.62 cm. (3 inch) 792,897 PA (115 psig)
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The reaction kettle agitator was set at about 100 rpm
and the temperature was maintained at 92-96°C. Over a 90
minute period, was added 1415.25 Kg (3145 1lbs.) of the

_. formaldehyde solution of_Example 2 at a mass flow rate of
‘about 14.985 Kg (33.3 lbs)/min. The temperature was then;
maintained at 92-96°C for 7 hours. Atmospheric '
distillation of the solvent was initiated and the
temperature of the reactiop,mikture was raised over a
period of 6 hours at about 190°C. Additional heat and
vacuum were applied to the reaction kettle until the
temperature reached about 200°C and 4666 PA (35 mm Hg)
vacuum, which was held for about 30 minutes. The vacuum
was then released and the reaction was complete.

3375 Kg (7500 lbs.) of PGMEA was added into the
reaction kettle, over a period of about 35 minutes. The
product was dissolved in the PGMEA and the resulting
solution of novolak resin was passed through a 0.4

&Mr micrometer (0.4 micron) Cuno cartridge filter. The

' resulting solution of 40 percent novolak in PGMEA contained

64 ppb sodium ions, 28 ppb potassium ions, 47 ppb iron.
ions, 43 ppb chromium ions, 47 ppb calcium ions and 30 ppb
aluminum ions. '

Example 11
The procedure of Example 10 was repeated by using
1372.5 Kg (3050 lbs.) of formaldehyde as a 37 percent
solution of the low metal ion containing formaldehyde of
Example 2. The product was dissolved in about 3375 Kg
(7500 1bs.) of PGMEA. The resulting 40 percent solution of
novolak in PGMEA contained 43 ppb sodium ions, 15 ppb
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The process of Example 2 was repeated except that the
formaldehyde, was not passed through the ion exchange resin
bed to reduce the metal ion content. A novolak resin was
produced, as in Example 6 and dissolved in diglyme to
provide a solution containing 20 weight percent of the
novolak resin. This untreated solution contained about 150
ppp_sodium and about 1400 ppb iron. This solution was then
passed through an ion exchange resin bed; according to the
procedure set forth in Example S. The resulting solution

had a sodium content of about 110 ppb and an iron content
of about 1250 ppb.

A column was made with Amberlyst-15 (bed volume 45 ml)
and cleaned as in Example 1. Sufficient amount of
disti;led dyglyme was passed through the column to remove
substantially all of the water and then 74 g of an
unpurified novolak resin (having the same compositioﬁ as
the purified novolak resin of Example 6) solution in PGMEA
containing 1300 ppb of sodium and 210 ppb of iron was
passed through the é¢olumn. Initial 14 mL, column dead
volume (mostly dyglyme) was discarded. The resin solution
obtained had a very low level of metal ions as follows:
‘'sodium - <20 ppb, iron - <20 ppb. '

.. Example 14
The process of Example 13 was repeated and 104 g of
same resin solution was cleaned and metal levels measured
were: sodium - 20 ppb and iron - <20 ppb.

Example 15
Photoresist solutions were prepared from a 45.82

weight percent solution of the purified novolak resin of

NT SHEET
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h a suitable -devel oper. 13. The_nethod of claim
a@i@ AUGt 899 st| ils passed through said i'on exchange resin.
14. The nethpd| of claim 13 rei n £hdbotal sodiumand iron ion |evel of
the acid catajy ' “tq | ess than 500 ppb. 15. The nethod of
claim 12 whergin _said ion exchgnge resin is washed to reduce the tota
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sodi um and iron Ievel to I ess than 100 ppb. 16. .The nethod of ¢laim 15
wherein sald cat ygt has _a total_ sodi um and érgg lon_|level of |less than
100 ppb andE* in EEP adding three different concentrations

of 2,1,5 diazo ester of 2,3,4,4'-tetrahydroxybenzophenone
(PAC), i.e. 8 percent;"lz_percent and 16 percent (peféent
by weight, of total solids). The photoresist solutions
were each spin coated, using standard techniques, onto
quartz plates at a constant speed to obtain layers of
photoresist having an initial thickness of 1.5 micrometer.
(1.5 um). The films were baked in a circulating air oven
at 90°C for 30 minutes. RO and R were determined for each
‘photoresist composition.

v .. RO was determined in a 0.263N TMAH developer (25+/:
0.5°C). RO is the unexposed or dark film loss and was
determined by placing the films in developer for 30 minutes
and measuring the total film'léss; RO is reported as rate
of film loss in Angstroms per minute.

R, the film loss rate of completely bleached film, was
also determined in 0.263N TMAH developer (25+/-0.5°C) for
each photoresist formulation. The dose required to .
completely bleach each film was found by measuring the

- absorbance at 377 nm for 1.5 micrometer (1.5 um) films on
quartz plates after exposure to.Varying levels of
radiation. R was calculated by measuring the time required
to éompletely dissoIVe the 1.5 micrometer (1.5 um) bleached
fllms R is also reported as Angstroms per minute.

- The dose to clear was determined by exposing the 1.5
micrometer (1.5 -um) f£ilms to narrow band 365 +/-10 nm
radiation under the Optoline gradient mask and calculating
the energy required to obtain the first clear or completely
developed step. All developﬁent was in 0.263 TMAH at 25+/-
0.5°C for 1 minute. '



t he novok ak resin produced as a total sodiumand iron ion |evel of less |
than 180 ppb.. 17. The_nethod of claim 12 wherein said sol vent. i1 Sie SHEET
sel ect ed fran1the group Fm]ﬂ'sting of propyl ene glycol methyl g%ﬂbﬁogﬂﬁaﬂéte
and et hyl -3 ethovﬁﬁtﬂn? rabe 18. A nethod for producing a water '
insoluble,_aqueous ?J lb soljubl e nevdTak resin having a very |ow netal ion
cont ent cOnprlsﬁﬁﬁA*G199 treating an acidic ion exchange resin with

wat er, fol |l owed By pashing said i on exchange-resin with
a m neral akid sol ution and thereby reducing the total sodi um and
iron ion | ekel IT sai.d-ion : exchange res'nDnglﬁEFc&EQ&.500 ppb;
| o : j/m?
3PAC R RO - R/(RQ - Ami/sg.cm.)
& . 39,940 244 164 800 j/m? (80 mj/sq.cm.)
12 73,180 34 2,184 830 j/m® (83 mj/sq.cm.)
16 111,000 9 13,000 1060 j/m* (106 mj/sq.cm.)
o .
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.suitable solvent; . c¢) washing said ion exchange ca;;juakwuﬂg. ent
whi ch is: conpatlble wi th the novol ak resin solp®

"passing the ”“lm mnmmlﬂﬂam i on through said : in
and t her eby - 2gsodi um and irof gb%&féﬂ of A
solution to * Fes¥ than 500 ppb. 19. The nethgd of:

wherein the total sodiumand iron ion |evel of the novpl pk resin is redu ed

to | ess theap a3 .ppb. 20. The nethod of claim 18 wherein said i1on
exchange resin I's washed to reduce the total sodium and-iron.level to |elss

1. A method for producxng a water insoluble, aqueous
alkali soluble novolak re51n comprising:

a) washing an ac1d1c ion exchange resin with water,
washing said ion exchange resin with a mineral
acid'solution and thereby reducing the total
sodium and iron ions in the ion exchange resin to
less than S00 ppb:; |

b) passing a water/formaldehyde solution through
_ said ion exchange resin and thereby reducing the
N o total sodium and iron ion level of said solution
| ' to less than 500 ppb;
<) providing one or.poré phenolic compounds having a

total sodium and iron ion content of less than
-- 200 ppb;

d) condensing said formaldehyde with said one or
more phenolic compounds, in the presence of an
acidic catalyst, and thereby producing a water
insoluble, aquééus alkali soluble novolak resin

- ' - having a total sodium and iron ion level of less
than 500 ppb. '

k{;_ 2. The method of clain 1 wherein said acid catalyst is
passed through said ion exchange resin. '

3. - The method of claim 2 wherein the total sodium and
iron ion level of the acid catalyst is reduced to less than
500 ppb.

‘4. The method of claim 1 wherein said ion exchange resin
is washed to reduce the total sodium and iron ion level to
less than 100 ppb.

5. ' The method of claim 4 wherein said catalyst has a
total sodium and iron ion level of less than 100 ppb and
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6. A method for producing a positive photoresist
composition comprising: '

a)

b)

" c)

d)

e)

washing an acidic ion ekchange resin with water,
washing said ion exchange resin with a mineral
acid solution and thereby reducing the metal ions
in the ion exchange resin to less than 500 ppb;
passing a water/formaldehyde solution through
said ion exchange resin and thereby reducing the
metal ion level of said solution to less than 500
ppb; ,

providing one or:mbré phenolic compounds having a
metal ion content Sf less than 200 ppb;
condensing said formaldehyde with said one or
more phenoliclcompcunds, in the presence of an
acidic catalyst, and thereby producing a water
insoluble, aqueous alkali soluble novolak resin
having a total metal ion level of less than 500
ppb; .

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

7. The method of claim 6 wherein said acid catalyst is
passed through said ion exchange resin.

8. The method of claim 7 wherein the total sodium and
iron ion level of the acid catalyst is reduced to less than
500 ppb.

9*. The method of claim 6 wherein said ion exchange resin

is washed to reduce the total sodium and iron level to less
than 100 ppb. - |




t ot al SOdiu"]andJlelliflljﬂfﬂgij said ion 7 exc
Iress than 500 ppb; : - 33
provi di ng a sol ﬂ"ﬂ"”ml resin in a . sui

c) washing sai m Bﬂ;@Wal yst t3%ith a solvent
n _

conpatible with the®novol# solvent;
novol ak resin solution through said ' i on exchangg
t hereby reduci ng the total sodiumand iron ion § evel of said

solution tQg. The me&ﬁ@@ $8ap1300 BPRhe¥dn sax&ﬁcaﬁﬁfyég'ﬂgsag
adm xture of 1) a, photosensitive
otal ‘'sodium and iron ion level of less than 100 ppb and

the novolak resin produced has a total sodlum and iron ion
level of less than 180 ppb.

11. The method of claim 6 wherein said solvent is selected
from the group consisting of propylene glycol methyl ether
acetate and ethyl- 3~ethoxypropionate.

12. A method for producing a semiconductor device by
produc1ng a photo-image on a suitable substrate comprising:
a) washing an acidic ion exchange.resin with water,
washing said ion exchange resin with a mineral
acid solution and thereby reducing the metal ions
in the ion exchange resin to less than 500 ppb;
b) passing a water/formaldehyde solution through
said ion exchange resin and thereby reducing the
metal ion level of said solution to less than 500
ppb; |
~c) providing one or more phenolic compounds having a
metal ion content of less than 200 ppb;
d) condensing said formaldehyde with said one or
_ more phenolic compounds, in the presence of an
o acidic catalyst, and thereby producing a water
’ " insoluble, aqueoﬁs alkali soluble novolak resin
having a total metal ion level of less than 500
ppb; -
e) 'providing an admixture of: 1) a photosensitive
component in an amount sufficient to
photosensitize the photoresist composition, 2)
said water insoluble,'aqueous alkali soluble
novolak resin and 3) a suitable solvent and
thereby producing a positive working photoresist
composition;
£) coating a suitable substrate with said
photoresist composition;



conposition in an anDunt'sufficient to photosen5|kj':'thé“

phot or esi st _conposi-ti-on; .said water insoluble GﬂﬁﬁmmMQEE@FET
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total sodium H “J I | of the novolak resinis re u:e?téﬂ‘,ée@?_ '

than 500 ppb. 26. The nethod of claim 24 wherein said i '
is washed to reduce the total sodiumand iron | evel to legs than 100 ppb.

27. The net hod aof i m24 wherein said novolak reS|n roducey nmas—a—totah—.
sodi um and |roanM1I %&ﬁ 5?3?E§§gtﬁ§ ubsiirageuiethod of claim
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gl ycol h) image-wise exposing said photoresist composition;
and ' | '
- i) removing the image-wise exposed areas of said
photoresist composition with a suitable
developer. |

13. The method of claim 12 wherein said acid catalyst is
passed through said ion exchange resin.

. 14. The method of claim 13 wherein the .total sodium and
iron ion level of the acid catalyst is reduced to less than
500 ppb. ' !

15. The method of claim 12 wherein said ion exchange resin
is washed to reduce the total sodium and iron level to less
than 100_ppb.

16. The method of claim 15 wherein said'catalyst has a
total sodium and iron ion level of less than 100 ppb and
the novolak resin produced as a total sodium and iron ion
level of less than 180 ppb

17. The method of claim 12 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

18. A method for producing a water insoluble, aqueous

alkali soluble novolak resin having a very low metal ion

content comprising:

a) treating an acidic ion exchange resin with water,

followed by washing said ion exchange resin with
a mineral acid solution and thereby reducing the
total sodium and iron ion level in said ion
exchange resin to less than S00 ppb;
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b) providing a solution of a novolak resin in a
suitable solvent; '

c) .. washing said ion exchange catalyst with a solvent

which is compatible with the novolak resin
solvent; and :

d) passing the novolak resin solution through said
ion exchange resin and thereby reducing the total
‘sodium and iron ion level of said solution to
less than 500 ppb.

19.. The method of claim 18 wherein the total sodium and

ifon ion level of the novolak resin is reduced to less than
500 ppb.

20. The method of claim 18 wherein said ion exchange resin

is washed to reduce the total sodium and iron level to less__'

than 100 ppb.

21. The method of claim 18 wherein said novolak resin

produced has a total sodium and iron ion level of less than
180 ppb.

22. The method of cléim 18 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

23. Thé method of claim 18 wherein the novolak resin
solvent and the solvent used for washing said ion exchange

‘resin are identical.

24. A method for producing a positive photoresist having a
very low metal ion content comprising:
a) treating an acidic ion exchange resin with water,
followed by washing said ion exchange resin with’
a mineral acid solution and thereby reducing the
total sodium and iron ion level in said ion
exchange resin to less than 500 ppb;



31." A method for pfoducing a seni conduct or devfEpy 7  6@ aur- TR
] Ak lﬁﬁﬁw B p05|t|ve

phot o-i'mage on a substrate by coating s suitab

wor Ki ng phof5F5§T§r‘C0ﬁﬁes+LLon_conprlSIng ), ~treating \EET
b OrAbGI1990 s %EP\W&%W SHEE

‘i on exchange H' - 33 follo
exchange resi mw (muwa m neral acid sql(tion and ther reduci ng
t he LSO

tot% ironion |level i§n saird Ton

o

exchange resin to | ess than 500 ppb; b) providing a solutjon of a
novol ak resin in a sui tabl e sol vent; c) washing said ion
exchange catal ys®) wi tRravi@ipgne solution andﬁn¢EObokpaesbhelnaah t he
novol ak resin .. suif@bY8Nkolvent;d) Passing the novolak resin
solution through said i on eXchange resin and t her eby reduci ng the
total Sbhdi uRsREne, §aidoAore @aichangs) GREBIYIEFONitS a solvent

I ess than 500 ppb;  whiéh ibrevingaR4ira® adEXtiKe Rbvoldk #eBRAtOsensitive
conposition in an anoun 'suLf|C|ent to phot osensiti ze the

phot or esi st conp05|t|%ﬂ sai d water.insol uble, aqueous alkal
sol uble - 4d) pa551ng the novolak resin solutlon through said

ion exchange resin and thereby reduc1ng the total
sodium and iron ion level of said solution to
less than 500 ppb; and . .

e) providing an admixture of: 1) a photosensitive

U, composition in an amount sufficient to o
photosensitize the photoresist.composition; 2)
said water insoluble, aqueous alkali socluble
novolak resin having‘a very low level of metal
ions and 3) a suitable solvent.

25. The method of claim 24 wherein the total sodium and
iron ion level of the novolak resin is reduced to less than
500 ppb.
26. The method of claim 24 wherein said ion exchange resin
is washed to reduce the total sodium and iron level to less
. than 100 ppb
s

~27. The method of claim 24 wherein said novolak resin

produced has a total sodium and iron ion level of less than
180 ppb

28. The method of claim 24 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

29. The method of claim 24 wherein the novolak resin
solvent and the solvent used for washing said ion exchange
resin are identical. |
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devel oper conprises an aqueous al kal i ne devel oper.

30. The method of claim 24 wherein the novolak re
solvent;- the solvent used for washing said ion exchange

' reSLn and the solvent for said photoresxst composition are
all identical. :

31. A method for producing a semiconductor device_by
producing a photo-image on a substrate by coating s
suitable substrate with a positive working photoresist
composition comprising: _
a) treating an acidic ion exchange reéin with water,
o o followed by washing said ion exchange resin with
. a mineral acid solution and thereby reducing the
total sodium and iron: ion level in said ion
exchange resin tq‘léés than S00 ppb:
b) providing a solution of a novolak resin in a
- suitable solvent;

c) washing said ion exchange catalyst with a solvent
which is compatible with the novolak resin
solvent; '

d) passing the novolak resin solution through said
ion exchange resin and thereby reducing the total
sodium and iron ion level of said solution to
less than 500 ppb; '

k,» . - e) . providing an admixture of: 1) a photosensitive
" composition in an amount sufficient to |
photosensitize the photoresist composition; 2)
said water insoluble, aquecus alkali soluble
novolak resin having a very low level of metal
ions and 3) a suitable solvent; and

£) 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.



33." The method of claim 31 further conprising the step of - baking the

coated substrate imeidately before orr - after the re |
The met hod of cTai tn the total sodiumand iron %@MJMfSM

vierern S THIRMIEMPRENI s o 5edfes T2 caice cne” EBEB"&@@&%BE“@“

iron |l evel to ¢ ess trham

180 ppb. 37.

ppb.. 36. The nethod of clajnp 31 wherein sad d
novol ak resin produced has a total sodiumand iron ion |ever of T&ss Tihan
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The nmet hod of claim 31 wherein said solvent_is selected frd

t he group I®nSi Thengethod oy Icieigl yrokherébyl sailedezediopier and
et hyl - 3- et hoxypt gopionate. 38. T 1:-hod, of Lm 31 wherein the novol ak
resin soIV@ﬁ?ggﬁagfhgnsgﬁﬁﬁﬂgﬁné;¥4$§nﬁm%§Y%gggg?E i on exchange

33.

34.

The method of claim 31 further comprising the step of
baking the coated substrate immeidately-befcre'cr'
after the removing step.

The method of claim 31 wherein_thé total sodium'and

iron ion level of the novolak resin is reduced to less than
'SOO'ppb. '

35,

i ]

 The method of claim 31 wherein said.ion exchange resin

is washed to reduce the total sodium and iron level to less
than 100 ppb. v

36.

The method of claim 31 wherein said novolak resin

produced has a total sodium and iron ion level of less than

- 180 ppb.

37. The method of claim 31 wherein said solvent is
selected from the group consisting of propylene glycol
methyl ether acetate and ethyl-3-ethoxypropionate.

38. The method of_claim 31 wherein the novolak resin

solvént:and the solvent used for washing said ion exchange

resin are identical.

39. The method of claim 31 wherein the novolak resin
solvent, the solvent used for washing said ion exchange

resin and the solvent for said photoresist composition are

all identical.

m



‘resin are identical. 39. The nethod of claim31 wherein .the novolak resin

sol vent, the solvent used for washing said ion exchange resin and the
sol vent for said photoresist conposition are all identical: REPLACHMENTSHEET

-3 - |REPLACEMENT SHEFT'
| 20 AUG 1999

METAL ION REDUCTION IN NOVOLAK RESINS

_ _ vent

The present invention provides methods for producing
water insoluble, aqueous alkali soluble novolak resins
having a very low level of metal ions, utilizing treated
ion exchange resins. A method is also provided for
producing photoresist composition having a very low level

S of metal ions from such novolak resins and for producing
semiconductor devices using such photoresist compositicns.



