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ING A LEWIS BASE TO CONTROL
MOLECULAR WEIGHT OF NOVOLAK RESIN

..........

BACKGROUND OF THE INVENTION

5 . The present invention relates to a process for reducing metals ion in raw
materials such as cresols, formaldehyde, and oxalic acid and for producing novolak
resin of consistent molecular weight having a very low level of metal ions,
especially sodium and iron, and for using such novolak resin in light-sensitive
compositions. The present invention also relates to a process for making light-

10 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 compositions are used in microlithography processes for making

15 miniaturized electronic components such as in the fabrication of computer 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

20 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

25 processes. After this image-wise exposure, the coated substrate is treated with a
developer solution to dissolve and remove cither the radiation-exposed or the
unexposed areas of the coated surface of the substrate. _

Metal contamination has been a problem for a long time in the fabrication
of high density integrated circuits and computer chips, often leading to increased
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Bescription BACKGROUND OF THE | NVENTI ON The present invention relates
to a process for reducing netals ion in raw materials such as cresols,

for mal dehyde, and oxalic acid and for produci pg novol ak resin of consistent
nol ecul ar wei ght having a very low level of netal ions, especially sodium
and iron, and for using such novolak resin in |ight-sensitive conpositions.
The present invention also relates to a process for making |ight-sensitive
conposi tions useful in positive-working photoresist conpositions. Further,
the present invention relates to a process for coating substrates with
these |ight-sensi df gtscﬁﬁ@dgﬁﬁ,gﬁgaggwn and decreased performance. In plasma processes,

metals such as sodium and iron, when they are present in photoresists, can cause
contamination especially during plasme_: stripping. However, these problems have
been overcome to a substantial extent during the fabrication process. For example,
5 by utilizing HCL gettering of the cdntaminants 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
10 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
15 been found to adversely affect the properties of such semiconductor devices.

Novolak resins are frequently used a polymeric binder in liquid photoresist
formulations. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the

- presence of an acid catalyst, such as oxalic acid. In producing sophisticated
20 semiconductor devices, it has become increasingly important to provide novolak
~ resin having a substantially consistent molecular weight and a metal contamination
level well below 1.0 ppm. During raw materials purification to remove metals a
minor amount of Lewis base is also removed. It was surprisingly discovered that
when the level of Lewis base is too low the production of novolak resin failed
25 because of the depolymerisation of resin at a high temperature distillation step of
~ the process.

Thmz=ueﬂmoqnnsofphmnu:htannﬁaﬁﬁomgnegnﬁwﬂwoddngand
positive-working. When negative-working photoresist compositions are exposed
image-wise to radiation, the areas of the resist composition exposed to the radiation

30 become less soluble to a developer solution (e.g. a cross-linking reaction pccm)
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wel | as the process of coating, inmaging and devel opi ng these

| ight-sensitive m xtures on substrates. Phot or esi st conpositions are
used in m crolithography processes for making mniaturized electronic
conponents such as in the fabrication of conputer chips and integrated
circuits. Generally, in these processes, a thdnm coating of filmof a

phot oresi st conposition is first applied to a substrate material, such as
silicon wafers used fornaking integrated circuits. The coated substrate is
t hen baked to evaporate any solvent in the photoresist conposition and to
fix the coating onto the substrate. The baked coated surface of the

substrate is next whilejthe inekpbsed aneas o gee ?ho%ﬁ'esistm&d{gereiﬂm:f RittivklyaBluble to
This radi ation ex causes a chem cal transformation in the exposed

areas of the coat gﬁaﬁ% sqlagen. Thus; Beatmentofian qxppsed\negatiste-wasking| resistwith a
el ectron beam and d¥dléper lctted RimdVAEsthe Ao -eiﬁélhﬁ?afegs”of RS ROfRIER Bbafin gsagg

today in mcrolitho- graphic processes. | mage-wWw se exposufre
coat ed substrate ithe ereationeof amagative Mgellmpucmmw Iberebpmd:osanig\/edeslred
5 portion of the underlying substrate surface on which the photoresist composition
was deposited. .

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. a

10 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.

15 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

20 pattern is created in the substrate material which corresponds to the photomask
used for the image-wise exposure ofthendmuon Later, theremaxmngareasof
the photoresist coating may be removed dunng a stnppmg operation, leaving a
clean etched substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching step,

25 to increase its adllesionmﬂlémdulyingmbstaemdits resistance to etching
solutions.

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

30  the smallest feature which the resist composition can transfer from the photomask
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and renove either the radiation-exposed or the unexposed areas of the
coated surface of the substrate. Met al contam nation has been a probl em
for along tinme in the fabrication of high density integrated circuits and
conput er chips, often leading to increased defects, yield | osses,
degradati on and decreased performance. In plasma processes, netals such as
sodium and iron, when they are present in pho#oresists, can cause

contam nation especially during plasnma stripping. However, these problens
have been overcone to a substantial extent during the fabrication process.
For exanple, by utilizing HCL gettering of the contam nants during a high

t enperature anneal cycle. As sem conductor devices have becone nore

sophi sticated, t hasmewubiﬁwﬁth&\&ﬁ%lbw?wofmge%&%@aéﬁﬁt&ﬁh@#‘kﬁpo&&e%&r cone.
When silicon wafers are coated with a liquid positive photoresist and
subsequent |y stri Spesdorsent. In,many mapufagtupng geplicatienssodaye resishsesalutiomen the

performance and stadk b e t ' v'| ﬁg- LS. Elgﬂ seen to
decrease. As the pﬁgsma s% ﬂ%&gﬁéﬁgﬁgﬁgg&%s%égﬁa e ,ohh%(rge eé?%&’éﬁ on of
t he devi ce frequedtsisablectbatrthe dévetopedphytorsiss waldpprofiles be near vertical relative to the
S 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 novolak resins

10 having a substantially consistent molecular weight and containing a very low levels
of metal ions, especially sodium and iron. The invention also relates to a
photoresist containing such novolak resins. The invention further relates to the
control of the amount of Lewis base in a process of producing such novolak
resins having a subsantially consistent molecular weight. The invention further

15 relates to a process for producing semicoductor devices using such photoresists
containing these novolak resin and a photosensitizer.

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

20 2,4-dimethylphenol.

The novolak resins obtained have very low levels of metal ions such as
iron, sodium, potassium, calcium, magnesium, copper and zinc. The total metal
jon 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

25 casiest to detect. The level of these metal ions serves as an indicator of the level
of other metal ions. The level of sodium and iron ions, are respectively, less than
100 ppb and 400 ppb, preferably less than 75 ppb and 300 ppb, more preferably
less than 50 ppb and 200 ppb, even more preferably less than 30 ppb and 130 ppb
and most preferably less than 10 ppb and 10 ppb.
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such problens has been found to be the netal contam nation in the

phot oresist, particularly sodiumand iron ions. Metal levels of |ess than
1.0 ppmin the photoresist have been found to adversely affect the
properties of such sem - conductor devices. -.5. Novolak resins are
frequently used a polyneric binder in liquid photoresist formulations.
These resins are typically produced by conducting a condensation reaction
bet ween fornmal dehyde and one or nore multi-substituted phenols, in the
presence of an acid catal yst, such as oxalic acid. In producing

sophi sticated sem cond inSHH | ah?ﬁ A BovoE" [ [ r;gp nt
to provide novol ak resﬁéﬂg{}l ng lééﬂ%ds‘%an [ a‘PF‘@ co#g%trgﬁ?hgn%bégul rfovkgi ght
and a netal cont atkévelstifonetilciond mapbe obmined by dWndemsingFormaldehydevhaving a ivahys
purification to renoye al s, a mnor amount of Lewi s base,is ,al so renpved.
It was surprisi ng??v X‘?@gg{/%‘%é“ﬂg\m@rf’rt‘ﬂ%’elp %ccﬁ"‘qPQWdé’sB%{kg PEE80 I ow
the production of cReMObAkanders RiifneihyRllem WAWAR aOfery IRy GBI VAR RAS. TR Of
resin at a hlsgh tenperature distillation step of t’he process.

condensation reaction is preferably carried out in the presence of a 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.

In the process of the present invention it is necessary to adjust the amount
of Lewis base present before or after the condensation, to stabilize the molecular

10 weight.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a process for producing novolak resin
having a substantially consistent molecular weight and containing a very low level
of metal ions, particularly sodium and iron. The subject process utilizes an acidic

15 ion exchange resin to purify the formaldehyde and, in a preferred embodiment,

uses the same type of ion exchange resin to purify the catalyst, e.g. oxalic acid. In
a preferred embodiment, the process uses the same type of ion exchange resin to
purify the cresol raw materials, e.g. methylphenol, dimethylphenol, or mixtures of
them. The subject process comprises:

20 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 level
of sodium and iron ions in the ion exchange resin to less than 500
ppb each, preferably less than 100 ppb, more preferably less than 50

25 ppb and most preferably no more than 20 ppb;

b)  passing a water/formaldehyde solution through the jon exchange

resin and reducing the level of sodium and iron ions in the solution
to less than 500 ppb each, preferably less than 375 ppb, more

e
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There are two types of photoresi st conpositions, negative-working and

posi ti ve-wor ki ng. When negati ve-worki ng photoresi st conpositions are
exposed i mage-w se to radiation, the areas of the resist conposition
exposed to the radiation becone |ess solublego a devel oper solution (e.g.
a cross-linking reaction occurs) while the unexposed areas of the

phot oresi st coating remain relatively soluble to such a solution. Thus,
treatment of an exposed negative-working resist with a devel oper causes
removal of the non-exposed areas of the photoresist coating and the

creation of a negative imge_J C Lag. .Thereby uncoveri desi red
portion of the underlying %EB%%P%SS% ZEQP%%RXHPB%“} Pfg?cﬁﬁ’&g‘%%glagtﬁo
conposi tion was deposited. ppb anindshpreférblsly 18 fichn 480Fpd; POSI ti ve- wor ki ng

phot oresi st conpositions are exposed i mage-w se to radi ation, those areas
of the photoresist corffosi tAFEFICHEIEAT mere prenalis somppundsthariage lewtlefsol ubl e

to the devel oper solution (Bdfim ﬁdrfﬁfoﬁrb%ﬁ&ﬁp f%{%ﬁ%%@ﬁ%%e ~§\8£FF'133‘Y

t hose areas not exposed remain relatively Insolu
sol uti on. 5 less than 200 ppb, more preferably less than S0 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 a catalyst, preferably an
acid catalyst, more preferably oxalic acid, adjusting the Lewis base

10 : concentration before and/or after the condensation to at level of from
about 10 to about 1000 ppm, preferably 20 to 500 ppm, most
preferably 30 to 300 ppm, to produce a water insoluble, aqueous
alkah soluble novolak resin having a desired and substantially
consistent molecular weight and a sodium and iron ion level of less

15 than 500 ppb each, preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less than 100 ppb and most
preferably less than 40 ppb.

The present invention further provides a process for producing a positive

photoresist composition having a very low level of total sodium and iron ions.

20 The subject 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 level of sodium and iron
ions in the ion exchange resin to less than 500 ppb each, preferably

25 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 sodium and iron ion level to less than 500
ppb each, preferably less than 375 ppb, more preferably less than
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BN
Thus, treatnent of an exposed positive-working photoresist with the

devel oper causes renoval 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 <5-uncover ed. After this
devel opnent operation, the now partially unprotected substrate may be
treated with a substrate-etchant solution or plasma gases and the |ike. The
etchant solution or plasma gases etch that portion of the substrate where

t he photoresist coating was renoved during devel opnent. The areas of the
substrate where the phot or ez30sppbs evdn tgreSprefetablycléss thin 206 pPb e oed and,
thus, an etched pattern is created in the substrate material .which
corresponds to the phot omask® fess thap iPrPH'ge-vvi se exposure of the

radi ation. Later, the gemai folsti f&‘}% '

renmoved during a stri p%)i ng %ygﬁﬁoﬁg%ﬁéﬁg% e nhéch’%gﬁ%dstﬂgé{@g?gf
surface. In some instances,sodium andiiren iamb¢ontent of less than 400 ppb each, preferably

5 less than 200 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 a catalyst, preferably an acid catalyst,
more preferably oxalic acid, adjusting the Lewis base concentration

10 before and/or after the condensation to a level of from about 10 to
about 1000 ppm, preferably 20 to 500 ppm, most preferably 30 to
300 ppm, to produce a water insoluble, aqueous alkali soluble
novolak resin having a desired and substantially consistent molecular
weight and a sodium and iron ion level of less than 500 ppb each,

15 preferably less than 375 ppb, more preferably less than 250 ppb,
even more preferably less than 100 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)
20 the water insoluble, aqueous alkali soluble novolak resin having a
| low level of total sodium and iron ions, and a dersired and
substantially consistent molecular weight, and 3) a suitable solvent.
The invention further .providel a method for producing a semiconductor
device by producing a photo-image on a substrate by coating a suitable substrate
25  with a positive working photoresist composition by:

a) treating an acidic ion exchange resin w1thwater, preferably
deionized water, followed by a mineral acid solution (e.g. sulfuric,
nitric or hydrochloric acid) to reduce the sodium and iron ions in the
ion exchange resin to less than 500 ppb each, preferably less than

. This Sheet Has Been Replaced

L[

. REPLACED




3

REPLACENVENT SHEET

100 ppb, more preferably less than 50 ppb and most preferably nb
more than 20 ppb;

b) passing a water/formaldehyde solution through the ion exchange
resin and rcdﬁcing the sodium and irbn ion level to less than 500

5 ppb each, preferably less than 375 ppb, more preferably less than
250 ppb, even more preferably less than 100 ppb and most
preferably less than 40 ppb;

c) producing one or more phenolic compounds and reducing the level
of a sodium and iron ions to less than 400 ppb each, preferably less

10 than 200 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 a catalyst, preférably an acid catalyst,
more preferably oxalic acid, adjusting the Lewis base concentration

15 before and/or after the condensation to a level of from about 10 to
about 1000 ppm, preferably from about 20 to S00 ppm, most
preferably from about 30 to 300 ppm, to produce a water insoluble,
aqueous alkali soluble novolak resin having a desired and
substantially consistent molecular weight and a sodium and iron ion

20 level of less than 500 ppb each, preferably less than 375 ppb, more
preferably less than 250 ppb, even more preferably less than 100
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)

25 the water insoluble, aqueous alkali soluble novolak resin having a
desired and substantially consistent molecular weight and a low
level of total sodium md 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

30 removing the image-wise exposed areas of such composition with a
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3

20 heat treat the remaining photoresist |ayer, after the devel opnment step
and before the etching step, to increase its adhesion to the underlying
substrate and its resistance to etching solutions. Positive worKking
phot or esi st conpositions are currently favored over negative working

resi sts because the former generally have betgter resolution capabilities
and pattern transfer characteristics. Photoreésist resolution is defined as
the smal | est feature which the resist conposition can transfer fromthe
phot omask to the substrate with a high degree of inmage edge acuity after
exposure and devel opnent. In many manufacturing applications today, resist

resolution on the order of |ess tha oneBQrR'scron are necessary. In addition,
it is alnost always desir aShisable,deveioper. U HerUSINS: FIEVEIRST- profil es

be near vertical relative tdbtfoﬂﬂl?b‘:’i?ﬁ:ﬁ?b@rforﬁk‘&'ﬂaﬂﬁg%?%tﬁﬁﬁatpﬁm@?e”

devel oped and undevel oped areas _
immediately before or after the removing step.

It has been surprisingly found that a novolak resin containing very low
5 levels of metal ion contamination as well as desired molecular weight cannot be

obtained by condensing formaldehyde with one or more phenolic compounds, in
the presence of catalyst, unless one either: 1) adjusts the concentration of Lewis
base before condensation, 2) adjusts the concentration of Lewis base after the
condensation or 3) adjusts the concentration of Lewis base both before and after

10 condensation or 4) adjusts the concentration of Lewis base in the raw materials,
such as cresols, by adding or removing a Lewis base.

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, ¢.g. AMBERLYST 15 resin. These

15 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 exchahge resin is initially rinsed with deionized water,
followed by a mineral acid solution such as a 10 percent sulfuric acid solution,

20 rinsed again with deionized water, treated again with the mineral acid solution and
once more rinsed with deionized water.

The formaldehyde 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 Such solutions typically contain from 250 to 1000 ppb each

25 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

30 50 ppb or less. Such low levels may also be obtained by passing through the

-
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of the resist coating translate into accurate pattern transfer of the mask
I mge onto the substrate. JP- A- 4- 65415 di scl oses (cf Exanple 1) a

met hod for preparing a novolak resin for the preparation of photoresist
conpositions which differs fromthe oresent*ﬂgvention notably in the nature
and anmount of the Lewis base which is essential to the present invention.
The present invention relates to a process for produci ng novol ak resins
having a substantially consistent nol ecul ar wei ght and containing very | ow-.
| evel s of nmetal ions, especially sodiumand iron. The invention al so

relates to a procmﬁﬁauﬁmmr&cﬁn@b@ésm&ﬂmh $6 @it dhe Mokl s6dith dnd\ifdndien
resins. The invention further relates to the control of the anount_ of Lew s

base in a processcOtendinsilornis ILBRP oroless Angther methodit ohiain suchylopalevelang y
consi stent ol ecup Ak Y&t FRiractibf® Ph@ﬂ(ﬁﬁtdoﬂﬁoﬁ.\‘r!]&téiﬂrber&%vﬁtﬂ 1@"/?58&655 for

produci ng sem conductor devices using suc toresi sts containing these
novol ak resi n andsqitticnoipewater tozemove metals to a level as low as 30 ppb or less each.

5 It was surprisingly discovered that during the purification process of
ghenblic compounds by ion exchange, distillation, and/or solvent extraction process
to remove metal ions, a minor amount of Lewis base was also removed. Due to
the absence or too low a concentration of the Lewis base, the novolak resin was
partially depolymerized during the manufacturing process. The physical properties

10 of the depolymerized resin change due to degradation and it is in an undesirable
way for photoresist compositions. This problem can be substantially avoided by
adjusting the amount of Lewis base before and/or after the condensation step of
povolak manufacturing process. The Lewis bases can be present in the range of
from about 10-1000 ppm, preferably from about 20 to 500 ppm, most preferably

15 from about 30 to 300 ppm. Lewis bases that may be used include hydroxides of
organic counterions such as tetra-substituted ammonium hydroxide (Formula 1), or
other organic bases (Formulas 2 to 4), added to the reaction mixture either neat as
a solid or liquid or used either as a salt or a solution either in water or a suitable
organic solvent, or a mixture of an organic solvent and water.

Be
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20 where the substituents A, B, C and D may be C,-C,, alkyl or alkenyl (both
straight-chain and branched), particularly preferred are C,-C, alkyl, the alkyl chains
may optionally be heteroatom substituted, with one or more of N or O; C,-C,,
cycloalkyl, preferably 5-6, with optional heteroatom substitution, with one or more
of N or O; C,-C,, aryl or alkylaryl ( C,<C,, alkyl, C¢-C,, aryl) substituents; C,-
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The process of the subject invention provides a water insoluble, aqueous

al kal i sol ubl e novol ak resin obtained by condensing w th fornal dehyde one
er nore phenolic conpounds, such as neta-cresol, para-cresol,

3, 5-di net hyl phenol or 2, 4-di et hyl phenol . The novol ak resins obtalned
have very low | evels of nmetal ions such as 4tbr, sodium potassium

cal cium nmag- nesium copper and zinc. The total netal ion level is
preferably less than 1 ppm nore preferably |ess than 500 ppb. Sodi um and
iron are the nost conmon netal ion _contam nants and anong the easiest to
detect The level of these nmetal ions serves as an indicator of the |evel of

than 100 ppb and FOCHEY 35 SrSRanry IR (G B G L MOTEL €0y oo
preferably |ess tdmlncasbbxubb aaddn’mr ﬁibORmérkmstpumur-ﬁfﬁQ)& e'eh;ret RanH30
ngoﬁﬂglééoagggou gﬂ° ﬁEﬁ% b{?ce)‘fsaz'ﬁé"? %R’Haag d“\%}é?‘s‘[‘)‘%% I ev\e\latse(r)f
nmetal ions may b%ﬁbﬂbﬁ%ﬁbﬁﬁuted C,-C,, aryl residues, substltuted with one or more of N or
5 O, in particular aza and oxa-substitution; amino, C,-C,, alkyl- and dialkylamino,
preferably C, to C; alkyl, most preferably C, to C,; C,-C,, cycloalkylamino and
dicycloalkylamino, preferably C,-C, cycloalkyl; C,-C,, cycloalkyl where two or
more of the substituents A to D are part of a cyclic or polycylic ring system which
optionally may be heteroatom substituted with one or more of N or O. Most
10 preferred is tetramethylammonium hydroxide as an aqueous solution.
Other preferred Lewis bases are shown in formulas 2 to 4:

N L
/* 3 QKJ
Rl \K, Rl 4 Rl s
Formia2  Fommula3 Fornmla 4

where X = N or CR,, provided that there is at least one basic center in the
molecule if X = CR, and where in formula 2 X can be P; where R, to R, may be
any of the following: hydrogen, C,-C,, alkyl (both straight-chain and branched),

15 preferably C,-C, alkyl, most preferred C,-C; alkyl, and where the alkyl chains may
optionally be heteroatom substituted with one or more of N or O; C,-C,,
cycloalkyl, preferably C,-C,, with optional heteroatom substitution with one or
more of N or O, where in the case of aza-cycloalkyl substituents, attachment to the
aryl ring is preferably effected via the aza site; hydroxy, C,-C,, alkyloxy or

20 C;-C,, cycloalkyloxy, C,-C,, aryloxy; C,-C,, alkyl or C,-C,, aryl carquylié acid
or ester -COOR and keto-subsitutent -C(=O)R, where R is H, C,-C,, alkyl or
C,-C,, aryl, in particular methyl as alkyl, and including heteroatom-substituted
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;conc‘iensi ng fornal dehyde having a very low |l evel of nmetal ions with one or
nore phenolic conpounds, such as m cresol, p-cresol, 2,4 and 2,5
=di met hyl phenol having a very |low | evel of netal ions.The condensation
reaction is pref- erably carried out in the presence of a catal yst, such as
oxalic acid. In a preferred enbodi nent of t h'el%r ocess of the present
I nvention, the oxalic acid also has a very low |l evel of netal ions. I n
the process of the present invention it is necessary to adjust.the anmount
of Lewi s base present before or after the condensation, to stabilize the
nol ecul ar wei ght. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
The present i nventCga,,aryl\residies aulmtianas sith @ne pr athre oH Y orod cingarticnddrnzioand ng
a substantially consl ol e o hSiS gt or nitro; amino, C,-C,, alkyl- and dialkylamino,
preferably C, to C; alkyl, most preferably C, to C,; C,-C,, cycloalkylamino and
dicycloalkylamino, preferentially C,-C, cycloalkyl; C,-C,, cycloalkyl where two or
5 more of the substituents R, to R, are part of a cyclic or polycylic ring system
which optionally may be heteroatom substituted with one or more of N or O,
wherein adjacent R group can part of a C,-C,, cyclic group, preferably C,-C,
The consistency of the molecular weight is determined by measuring the
Void Viscosity ("V.V"), the GPC Molecular Weight of the final novolak resin and
10 the GPC Molecular Weight of the novolak resin before distillation. A novolak
resin having a desired and consistent molecular weight produced according to the
process of the present invention will have a V.V from more than 10.0 to less than
40.0, preferably from about 12 to about 32.0, more preferibly from about 14.0 to
about 24.0, most preferably from about 16.0 to about 22.0 and a ratio of final
15 molecular weight ("MW™) to molecular weight before distillation ["MW(BD)"]
[Ratio = MW/MW(BD)] from about greater than 0.6 to less than about 1.7,
preferably from about 0.7 to about 1.5, more preferably from about 0.8 to about
1.3, most preferably from about 0.9 to about 1.1. _
 Void Viscosity and GPC Molecular Weight are measured using the
20 following procedures:
Void Viscositv Procedure:
Make a 26% solution of the resin (6.50 grams of resin in 100 ml jar
equipped with magnetic stir bar and cap) add up to 25.00 grams of AZ Thinner
Solvent. Filter the solution through a § micron membrane syringefilter. Fill
25 viscometers (size #200) in the inverse position to the second line. Place the
viscometer in viscosity bath at 25°C (constant temperature) for 15-20 minutes.
Take flow time of resin solution (seconds) and repeat till two consistant readings
are obtained. Calculation: Void Viscosity = flow time (in seconds) x constant in
centistokes per second at 25°C.
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Mei ght and containing a very |low level of metal ions, particularly sodium
and iron. The subject process utilizes an acidic ion exchange resin to
purify the formal dehyde and, in a preferred enbodi nent, uses the sane type
of ion exchange resin to purlfy t he catal yst, e.g. oxal+emachw%anammmmq
preferred enbodi nent, the process uses the sane type of ion exchange resin
to purify the cresol raw materials, e.qg. nethylphenol dhmﬁkhyh Bed Rkplactd

m xtures of them The subject process conpri $gs: idic
I on exchange resin with water, preferably deionized water m
m neral acid solution (e.g. a 5-98% sol ution of sulfurlc

hydrochl oric acid) to reduce the | evel of sodiumand iron ions in the ion
exchange resin to | ess than 500 ppb each, preferably | ess than 100 ppb,

rmlr)e preferably IWM nost preferably no nore than 20
i The molécula: weight of the polymers, whether weight average molecular
weight MW, or number average molecular weight MN, were measured by gel
permeation chromatography (GPC) performed on dilute solutions of the polymer in
5 .ten'ahydroﬁxran (THF). The actual apparatus employed consisted of a Waters
(Millipore Corporation) programmable automatic sampler, vacuum pump,
chromatography columns with heater, and a differential refractometer connected to
a Shimadzu CR 30A data reduction system with accompanying sotfware (version
1.1, Shimadzu part no. T/N 22301309-91). The refractormeter used was a Waters
10 model 410 and four chromatography columns, S00 Angstrom, 1000 Angstrom,
10,000 Angstrom and 100,000 Angstrom (available from Waters) were connected
in series. The sysfem was calibrated using multiple available polystyrene standards
ranging in molecular weight as follows: |

GPC CALIBRATION
15 Calibration Standard (Polystyrene) Molecular Weight
B 470,000
" 2 170,000
3 ' 68,000
4 | 34,500
20 | 5 9200
I - 6 | 3,200
I 7 1,250

The standards are essentially momd:spcse, consisting substantially of a
single molecular weight. With the system thus claibrated the weight average
25 molecular weight MW, was obtained for polymers produced in accordance with the
examples given hereinafter. |
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b) passing a water/fornal dehyde sol ution through the ion exchange resin and
reduci ng the | evel of sodium and iron ions in the solution to | ess than
500 ppb. each, preferably |ess than 375 ppb, nore preferably | ess than 250—
ppb, even nore preferably | ess than 100 ppb aTg nost pretﬁ&gﬁgy Iﬁ;s t han

40 ppb; c) producing one or nore phenolic ¢conpounds hayj 2
sodiumand iron ion content of |ess than 400 ppb each,mmf
t han 200 ppb, nore preferably | ess than 50 ppb and nost pr

i

t han 30 ppb; d) condensing the fornmal dehyde with one or nore of the
phenol i ¢ conpounds, preferably in the presence of a catal yst,

pref er ngl y an acid cat dnyaspartigrlerly pqe&m/dmbp;im ot thig inyenticn; the atid gauhet,
Lewi i.0o0: : . . : f] t t
Cevel of 11 om about e s Whfdte o5 cpBA bl 1 alsF palsdd i€ WINNERE. W et

preferably 30 to 3ifoughrn aaidic ibnsxchdnge gesir. f Untrearaicsatic agid tppicly Bdssmetal
t hereby produci ng a wat ueous al kal i~ sol ubl e navol ak

resin having a des’i°flelﬁ""g°‘:1‘?itJ @gglgf@h?t%ﬂ%% PE® A% higherof gagh oF sedivm\gad dron. oera

sodium and ir@n  treatment by passing through the ion exchange resin, metal levels are reduced to as
low as 10 ppb or less in a 10 percent solution of oxalic acid in deionized water.
Even though only about 1 percent of oxalic acid is typically utilized as a catalytic
amount in the preferred embodiment of the prcsént process, its contribution of the
metal ion concentration could be high.

10 The present invention relates to a process for producing a novolak resin, a
process for prodncing a photoresist composition containing such a novolak resin
and a process for producing semiconductor devices using such a photoresist
composition. The photoresist composition is formed-by providing an admixure of
a photosensitizer, the subject water insoluble, aquedus alkali soluble novolak resin

15 and a suitable solvent. Suitable solvents for such photoresists and for novolak
resins may include propylene glycol mono-alkyl ether, propylene glycol alkyl (e-g.
methyl) ether acetate, ethyl-3-cthoxypropionate, cthyl 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

20 acetate (PGMEA) and ethyl-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-jonic surfactants may be added to the solution of novolak
resin, sensitizer and solvent before the photoresist composition is coated onto a

25 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.1. 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.
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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 plasticizer-additives improve the coating properties of the

~material and enable the application of a film that is smooth and of uniform

thickness to the substrate.

Adhesion promot_ers which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl liate;
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 nitrocinnamic acid up to about a 20 percent weight level, based
on the combined weight of novolak and sensitizer. These enhancers tend to
increase the solubility of the photoresist coating in both the exposed and
unexposed areas, and thus they are used in applications when speed of
development is the overriding consideration even though some degree of contrast
may be sacrificed; i.c., 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.
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® 3- ion |l evel of |ess than 500 ppb each, preferably |ess than 375
ppb, nore preferably | ess than 250 ppb, even nore preferably | ess than
100 ppb and nost preferably | ess than 40 ppb. The present invention
further provides a process for producing a positive photoresist conposition
having a very low level of total sodiumand_jgon ions. The subject process
conpri ses: ' a) treating an acidic ion exchange resin with water,

pref erably dei oni zed water, followed by a mneral acid solution

The prepared photoresist solution, can be applied to a substrate by any

conventional method used in the photoresist art, including dipping, spraying,
‘whirling and spin coating. When spin coating, for example, the resist solution can
be adjusted with respect to the percentage of solids content, in order to provide

5 coating of the desired thickness, given the type of spinning equipment utilized and
the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium

~ arsenide and other such Group III/'V compounds.

10 The photbresist 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 rhicroprocessors and other
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer
can also be used. The substrate may also omprise various polymeric resins,

15 especially transparent polymers such as polyesters. The substrate may have an
adhesion promoted layer of a suitable do_mposition, such as one containing hexa-
alkyl disilazane. .

The photoresist composition solution is then coated onto the éubst;ate, and
the substrate is treated at a temperature from about 70°C to about 110°C for from

20 about 30 seconds to about 180 seconds on a hot plate or for from about 15 to '
about 90 minutes in a convection oven. This temperature treatment is selected in
order to reduce the concentration of residual solvents in the photoresist, while not
causing substantial thermal degradation of the photosensitizer. In general, one
desires to minimize the concentration of solvents and this first temperature

25  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 insignificant. The temperature and time selection

30 depends on the photoresist properties desired by the user, as well as the equipment
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¢e.g. sulfuric, nitric or hydrochloric acid) to reduce the | evel of sodium

and iron ions in the ion exchange resin to | ess than 500 ppb each,
preferably |l ess than 100 ppb, nore preferably |l ess than 50 ppb and nost
preferably no nore- than 20 ppb; b) passing a water/fornal dehyde
sol ution through the ion exchange resin and-ré&duci ng the sodi um and iron

I on |l evel to | ess than 500 ppb each, preferably | ess than 375 ppb,
nore preferably |less than 250 ppb, even nore preferably |ess than 100
ppb and nost preferably | ess than 40 ppb; Cc) produci ng one or nore

phenol i ¢ conpounds having the |level of a sodiumand iron ion content of
| ess than 400  usedpiid @8finerdialtf dsabd Yodti §&1ns£amx%%ae@f§ubs%{eecaﬂr ably

| ess than 50 ppb and npst preferably | ess than 30 d) condensi ng
t he fornal dehyde mopredoweac&mcmen% eighaltpavioiet ﬂaélaamoanmelengthtdfé’rom

SRR, o o P show (A R T o G AR ER
in any desxred pattem produced by use of suitable masks, negatives, stencils,
5 templates, etc.

- The photoresist is then optionally subjected to a pbst exposure second
baking or heat treatment either before or after development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from
about 100°C to about 110°C. The heating may be conducted for from about 30

10 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 process. The solution is preferably agitated, for

15 example, by nitrogen burst agitation. The substrates are allowed to remain in the
developer until all, or substantially all, of the photoresist coating has dissolved
from the exposed areas. Developers may include aqueous solutions of ammonium
or alkali metal hydroxides. One preferred hydroxide is tetramethyl ammonium
hydroxide. After removal of the coated wafers from the developing solution, one

20 may conduct an optional post-development heat treatment or bake to increase the
coating's adhesion and che:mcal resistance to etching solutions and other
substances. The post-development heat treatment can comprise the oven baking of
the coating and substrate below the coating's softening point. In industrial
applications, particularly in the manufacture of microcircuitry units on

25 silicon/silicon dioxide-type substrates, the developed substrates may be treated with
a buffered, hydrofluoric acid based etching solution. The photoresist compositions
of the present invention are resistant to acid-based etching solutions and provide
effective protection for the unexposed photoresist-coating areas of the substrate.

The following specific examples will provide detailed illustrations of the

30 methods of producing and utilizing compositions of the present invention. These
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the condensation to a | evel of from about 10 to about 1000 ppm preferably
20 to 500 ppm nost preferably 30 to 300 ppm and distilling off
unreacted raw materials, thereby producing a water insoluble, aqueous

al kali sol ubl e novol ak resin having a desired and substantial ly

consi stent nol ecul ar wei ght. and a sodi um and on ion |level of | ess

t han 500 ppb each, preferably |ess than 375 ppb, nore preferably | ess than
250 ppb, even nore preferably | ess than 100 ppb and nost preferably

| ess than 40 ppb; e) providing an adm xture of 1) a photosensitive
conponent in an amount sufficient to photosensitize the photore- Si st
conposition; 2) the water insoluble, aqueous al kali sol ubl e novol ak resin
havi ng a | ow | evelexamplesar n@om owevgn do ilimihor mawict thegcepedefithe inyentornd

substantially con gml u ve
The invention furtslh%gm %ﬁ&ha ?ﬁé or o%ém n% éotr@?i%ﬁsciﬁr etrs or
devi ce by produci nglues mmlomustﬂgenmwexcluswely in order to practice the present

invention.

s . Example |
| 30 grams of dry AMBERLYST 15 ion exchange resin beads were placed in
a conical flask and deionized (DI) 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 moming the water was decanted, deionized water added
10 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 22
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
15 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 72 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
20  solution were passed through the resin bed. 60 bed volumes of deionized water
were then passed down throgh 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 Ca-28 cresol mixture (cresylic acid) containing about 1000
25 ppb of sodium and about 500 ppb of iron and 30 ppm of nitrogen base, was passed
down through the resin bed at the same flow rate. The cresylic acid obtained had
a very low level of metal ions as follows: sodium - <10 ppb, iron - <20 ppb and
nitrogen base less than the detectable limit.
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substrate by coating a suitable substrate with a positive working
phot or esi st conposition by: a) treating an acidic ion exchange resin
with water, preferably deionized water, followed by a mneral acid solution
(e.g. sulfuric, nitric or hydrochloric acid) to reduce the sodi um and iron
lons in the .ion exchange resin to less than 500 ppb each, preferably

| ess than 100 ppb, nore preferably |ess than {@. ppb and nost preferably no
nore t han 20 ppb; b) passing a water/formal dehyde sol uti on through
t he i on exchange resin and reducing the sodiumand iron ion  level to

| ess than 500 ppb each, preferably |ess than 375 ppb, nore preferably |ess
t han 250 ppb, even nore preferably |l ess than 100 ppb and nost

preferably | ess than 40 ppb; c) producin ng or nore phenolic
conpounds and reducing the level of a sodimi ron ions to | ess than 400

200 grams of cresylic acid (Ca 28) containing 1000 ppm of sodium and 500
ppb of iron and 200 ppm of nitrogen base was distilled under a vacuum of 20 mm
pressure. The cresylic acid obtained had a very low level of metal ions and
5 nitrogen bases as follows: Sodium <10 ppb, iron <10 ppb and nitrogen base less
than the detection limit. |

Example 3
100 grams of cresylic acid (Ca 28) containing 10 ppb of sodium and 150

ppb of iron and 100 ppm of nitrogen base was extracted with 10% HCI solution (4

10 X 100 mL). The cresylic acid was washed with DI water (2 X 100 mL) to remove
HCL. The cresylic acid obtained was tested for metals and nitrogen base as
follows: Sodium <10 ppb, Iron 80 ppb and nitrogen base less than the detection
limit.

Example 4

15 _ 48 1bs. of wet AMBERLYST 15 ion exchange resin beads (38 lbs. 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 DI water. The feed
kettle was pressurized to 20 psig using nitrogen and water was slowly transferred

20  through a bottom outlet valve 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 DI water and then 55 Ibs. of 98 percent sulfuric acid were
charged to the feed kettle. The agitator was set at 60 rpm and the temperature was

25 maintained at 20-30°C. The feed kettle was pressurized to 20 psig using nitrogen
and the bottom outlet valve was opened to slowly transfer the sulfuric acid solution
through the resin canister through the open inlet valve to the product kettle. The
inlet valve was opened so as to obtain a liquid flow rate of about 0.35 gal/min.

—————
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ppb each, preferably |less than 200 ppb, nore preferably less than 50 ppb
and nost preferably | ess than 30 ppb: d) condensing the fornmal dehyde
with one or nore of the phenolic conpounds in the presence of a catalyst,
pref - erably an acid catalyst, nore preferably oxalic acid, adjusting
the Lewi s base concentration before and/or affer t he condensation to a
| evel of from about 10 to about 1000 ppm pre?%rably fromabout 20 to 500
ppm nost preferably fromabout 30 to 300 ppm and distilllng off
~unreacted raw materials, thereby producing a water insol uble, aqueous
al kali sol ubl e novol ak resin having a desired and substantially consistent
nol ecul ar wei ght and a sodi um and iron ion level of |ess than 500 ppb
each, preferably |I'Besfeehkettleand productrkettie werefthenodrhined, cths féed kettRSdutlepalve to

opb e} provi M e e e eoBY and e et kele Sa€ sttt ot in an
amount sufficient to pRGOQARRSIDI vder Wil HARIANS the feed REAE; RO MRARriRWas?)
t he water insoluble, agueous al kali_ sol uble novolak resin having a desired
and subst anti al | y maintained at 20-30°C and the agitator was set at 60 rpm. The feed kettle was
5 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 DI water. The
contents of the feed and product canisters were completely drained after turning off
10 the agitator and all valves were closed. . |
110 gal. of a 37 percent formaldehyde solution in DI 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.
15 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 - <45 ppb.

: Example 5
248 1bs. of wet AMBERLYST 15 ion exchange resin beads (196 Ibs. dry)

20 were placed in 2 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 9500 Ibs. of formaldehyde as a 37 percent formaldehyde
solution in DI water and 7 percent methanol, having about 789 ppb sodium, 547
ppb iron, 118 ppb chromium, and 1487 ppb. calcium. The formaldehyde solution

25 was slowly transferred ﬁmugh the resin canister at a flow rate of about 33.3 lbs.
of solution per minute. The formaldehyde obtained had a very low level of metal
ions as follows: sodium - 12 ppb, iron - 4 ppb, chromium - 118 ppb, and calcium -
11 ppb.
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consi stent nol ecul ar weight and a | ow | evel of total sodiumand iron ions
and 3) a suitable solvent; f) heat treating the coated substrate until
substantially all .of the solvent is renoved; imge-w se exposing the

phot osensitive conposition and renoving the image-w se exposed areas of

such conposition with a suitabl e de- vel oper, such as an agueous

al kal i ne devel oper. Optionally one may perfarm a baking Of'rhltsgﬁee L &Raced
ei t her i medi ately before or after the renoving step. n

surprisingly found that a novol ak resin containing very | om{ ImH m‘ ﬂal
lon contam nation as well as desired nol ecul ar wei ght canno by

condensi ng fornmal dehyde with one or nore phenolic conpounds, in the

presence of catal yst, unless one either: 1bémts the concentration of
Lew s base before condensation, 2) adjusts ncentration of Lewi s base

after the condensati on The pdjcedutieiaftExaple § oas espestad and 3050 beVéfSfoRageeHyat h
as a 37 percent solution in DI water and 7 percent methanol was passed through
the resin canister. The formaldehyde obtained had a very low level of metal ions

5 as follows: sodium 12 ppb, iron 4 ppb, chromium 118 ppb, and calcium 11 ppb:

Example 7-12
The procedure of Example 5 was repeated and formaldehyde as a 37
percent solution in DI water and 7 percent methanol was passed through the resin
canister. The formaldehyde obtained had a very low level of metal ions as shown
10 in the following Table.

Table 7: Metals in Deionized Formaldehyde (ppb)

Metals Ex 7 Ex 8 Ex 9 Ex10 |Ex11 Ex 12
Na 9 6 26 16 6 6
K <5 <5 <5 <5 <5 <5
15 Fe <5 <5 <5 <5 1<s <5
(& SN <5 <5 <5 <5 <5 <5
Cu <5 <5 <5 <s  |<s <5
Pb <5 <5 <5 5 ] <s <s
Mg 23 | <5 10 <5 <s  |s<s
20 Zn f19 <5 87 6 7 6
Ca 22 <5 36 <S5 <S5 15
Mn <5 1<s < <5 |=s <5
Ni <5 <s <$ <5 <5 <5
mg{ﬁﬁ'}‘ FAS BEEN
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before and after condensation or 4) adjusts the concentration of Lewi s base
in the raw materials, such as cresols, by

10

15

-22 -

Example 8

100 grams of cresols (Ca-28) from example | was placed in a four necked
flask eqﬁipped with a condenser, a thermometer, and a dropping funnel. One gram
of oxalic acid (1% of cresols) and 4 grams of DI water and 0.02 gram of 3-
picoline (0.02% of cresols) were added and the flask was heated to 95°C. 52.97 g
of the formaldehyde (molar ratio of cresol/formaldehyde 1/0.72) from example 5
was added dropwise over three hours. The condensation reaction was allowed to
continue for 8 hours at 95°C. and a sample was collected for GPC analysis to
determine the molecular weight. The unreacted raw materials were distilled off
using stepwise distillation technique keeping the temperature constant at 140°C for
1 hour, 190°C for 2 hours and 215°C for 1 hour and then the vacuum was applied.
When the flask temperature was 235°C and vacuum pressure was 20 mm, the
molten resin was discharged to an aluminium tray. The void viscosity and
dissolution rate in inorganic and organic solvent were determined and are shown in
Table 1 below.

Example 9 to 14
The procedure of example 8 was repeated using different amounts of 3-
picoline (added before condensation) and oxalic acid to make the novolak resins of
example 9 to 14 , shown in Table 1 below.
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-4- addi ng or renoving a Lew s base. An acidic ion exchange resin,
‘such as a styrene/ di vinyl benzene cation exchange resin is utilized in the
present process. Such ion exchange resins are available from Rohm and Haas
Conpany, e.g. AMBERLYST 15 resin. These resins typically contain as nmuch as
80, 000 to 200, 000 ppb of sodiumand iron. Befdre being utilized in the
process of the invention, the ion exchange resin nust be treated with water
and then a mneral acid solution to reduce the netal ion level. Preferably
the ion exchange resinis initially rinsed with deionized water, followed
by a mneral acid solution -

Table 1: Effect of 3-Picoline and Oxalic Acid on Viscosity and GPC
Molecular Weight of Novolak Resin (3-Picoline was Added Before

Condensation).
Example # Oxalic (%) | 3-Picoline(%) vV MW/MW(BD)*
' #
5 ] | 1.5 0.02 12.7 6751/13107
9 0.5 0.08 15.2 7654/5880
10 1.0 0.05 17.7 11185/9607
11 0.5 0.02 15.0 9207/5938
12 1.5 - 0.08 20.1 15153/13701
10 13 1.0 0.05 173 11196/9839
14 1.0 007 18.4 11939/8961
Note: ' V.V = void viscosity; MW - molecular weight of the final
resin by GPC; MW(BD) = molecular weight of resin
sample obtained before distillation. |
15 Exampics 15 t0 23

The procedure of example 8 was repeated using differnt amounts of 3-
picoline (added after condensation) and oxalic acid to make the novolak resins of
examples 15 to 23, shown in Table 2 below.
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such as a 10 percent sulfuric acid solution, rinsed again with deionized
water, treated again with the mneral acid solution and once nore rinsed
wi t h dei oni zed wat er. The fornmal dehyde is preferably passed through a
colum contai ning the ion exchange resin as a solution, e.g. a solution of
about 38 percent formal dehyde in water and nethanol Such sol utions
typically contain from250 to 1000 ppb each-a@f -sodi um and iron ions. Duri ng
the process of the present invention, these |levels are each reduced to as

| ow as 10 ppb. The phenolic conpounds condensed with the purified
f or mal dehyde nust al so have a |l ow | evel of netal ions. Such |ow | evels may
be achieved by distilling such phenolic conpounds so that the total sodium

and iron ion contentTabie 2s ThevEffert 50 Viapious Amanst .of SuPidolin\on SYKRLSityJGP@! SO

be obtained by passing through the contamnation free ion exchange resin
col um so that the total N@?ng%‘gﬁ’&m (hhicoline isphddad After Sondepsatian)so ppb or

| ess. Anot her netprod—toobtrm—such

15 1.5 0.02 188 | 15042/11443

s |- 16 | os 008 17.1 8794/8121
17 1.0 0.05 18.7 15675/15770
18 0.5 0.02 16.4 8374/7255
19 1.5 0.08 20.1 17200/17121
20 10 0.05 18.9 16790/15751

10 21 1.0 0.07 209 15733/15528
22 1.0 0.05 20.6 14695/13706

Examples 23 and 24

The procedure of example 8 was repeated adding piperidine and pyridine
(before condensation), respectively, instead of 3-picoline, to make the novolak
15 resins of examples 23 to 26, as shown in Table 3 below.

Table 3: Other Lewis Bases Added Before Condensation

Example # Basc Amount | V.Y | MW/MW(BD)

23 Piperidine 005% | 16.1] 9932/9838
24 Pyridine 0.05% | 200 | 14133/13651
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low | evel s is by solvent extraction. Phenolic conpounds can be extracted
with 10% acid solution in water to renove netals to a |l evel as |low as 30
ppb or | ess each. It was surprisingly discovered that—duri-ng-the--——
purification process of phenolic conpounds by ion exchange, distil- lation,
and/ or solvent extraction process to renove netal ions, aT%usrﬁhcethBst Iaced
Lew s base was al so renoved. Due to the abse%e or too Iow

of the Lewi s base, the novol ak resin was partla'l | y depol yme

manuf acturing process. The physical properties of the depol ITEI‘I Ze
change due to degradation and it is in an undesirable way for photore5| st
conpositions. This problemcan be substantially avoi ded by adjusting the
anount of Lewi s base before and/or after the condensatlon step of novol ak
manuf acturi ng process. The Lew s baSd8dld ative Bxampless2hand 26 t he range of from
about 10-1000 Ip I 519\#&

from about 30 Pgng(})l(e) g{)‘%&lﬁgo‘f& s%ggﬁgg%ééﬁtogtrg%%om gsgésblg P‘S n%ﬁ
count eri ons such #&sinsetfrexamplesil? tand d8. Nmbewis baseywas added, to show that the resins

obtained are depolymerized, as shown in Table 4 below.

5 Table 4: Partial Depolymerization of Novolak Resin in Absence of Lewis Base

Example Cresols ‘A" MW (MW(BD)
25 Example 1 | 8.4 8310 20835
26 Example 3 | 7.3 | 3616 42025
‘Examples 27 to 32
10 Into a 2000 gal. stainless steel lined reaction kettle, having a pressure rating

of 300 psig and a 3 inch 115 psig rupture disk were added: 61.3 Ibs. of unpurified
oxalic acid as a powder and 5 gal. of DI water, through a port with a ball valve.
6131 Ibs. of a mixture of 46.2 percent m-cresol, 40.5 percent p-cresol, 5.6 percent
2, 5-xylenol and 6.8 percent of 2, 4-xylenol (having a very low metals content and

15 less than 10 ppm Lewis base) were added. |

The reaction kettle agitator was set at about 100 rpm and the temperature

was maintained at 92-96°C. Over a 3 hours period, 3211 1bs. of the formaldehyde
solution of Example § was added at a mass flow rate of about 18 Ibs/min. The
temperature was then maintained at 92-96°C for 8 hours. 3 Ibs. of 3-Picoline was

20 added and atmospheric distillation of the solvent was initiated. The temperature of
the reaction mixture was raised over a period of 6 hours to about 215°C. Samples
at 120°C and 190°C were collected to compare the molecular weight of the resin,
by GPC. Additional heat and vacuum were applied to the reaction kettle until the
temperature reached about 235°C and 20 mm Hg vacuum, which was held for

25 about 30 minutes. The vacuum was then released and the reaction was complete. A
sample was collected and 7208 1bs. of PGMEA was added into the reaction kettle,
over a period of about 35 minutes. The product was dissolved in the PGMEA and

REPLACED"
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droxide (Formula 1), or other organic bases (Fornmulas 2 to 4), added to the
reaction mxture either neat a: a solid or liquid or used either as a salt
or a solution either in water or a suitable organic solvent, or a mxture
of an organic solvent and water. 226 -

[err]

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

5 Table 5 below shows the properties of the resins obtained.

Table 5: Examples 27-32 Resins

E le # | Formaldehyde | 3-Picoline % | Void Viscosi
27 0.730 0.05 23.0
28 0.730 0.03 18.2
10 29 0.730 0.03 179
30 0.740 0.03 215
31 0.725 0.03 175
32 0.725 0.03 175
Comparative Example 33 and 34

15 The procedure of Example 19 was repeated using the same pure cresols and

formaldehyde but no 3-picoline was added. The product was dissolved in about
7500 Ibs. of PGMEA. Table 6 shows the properties of the product.
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Where the substituents A, B, C and D may be C1-Cd 0 al kyl or al kenyl (both
strai ght-chain and branched), particularly preferred are ClL-C2 al ky, the

al kyl chains may optionally be heteroatom substituted, with one or nore of
N or O C3- Cl0 cycloal kyl, -preferably 5-6, with optional heteroatom
substitution, with one or nore of Nor O C6-€12 aryl or alkylaryl ( C1-CO
al kyl, C6-Cl2 aryl) substituents; Cl-Cl0 al kyl oxy or C3-Cl10 cycl oal kyl oxy,
C6-Cl2 aryloxy; Cl1-C O alkyl or C6- Cl2 aryl carboxylic acid or ester -COOR
and keto-substitutents -C(=O R, where Ris H Cl -Cl10 alkyl or C6-C 2 aryl,
in particular nethyl as al ky, and including heteroatom substituted C6-Cl2

aryl residues, substituted ‘l‘%ieh&o%siﬂrom'ifed%I the Absence of Lewis Base

Example Cresols ‘A% MW/MW(BD)

33 Substantially Lewis Base 14.6 1011720420
Free/Metal Ion Free '

T34 Substantially Lewis Base | 13.1 8430/16664

Free/Metal Ion Free
w

5 Example 35
A Photoresist solution was prepared as follows: Into 73.88 grams of
PGMEA, 19.58 grams of the novolak resin from Example 13 was added. A
mixture of photosensitizers was added as follows: 3.26 grams of 2,1,5-
diazonaphthoquinone sulphonic acid ester (40% to 80% esterification) of 2,3,4,4'-

10 tetrahydroxybenzophenone, 2.61 grams of the 2,1,5- diazonaphthoquinone |
sulphonic acid ester (40% to 80% esterification) of 2,3,4-trihydroxybenzophenone
and 0.651 grams of the 2,1,5-diazonaphthoquinone sulphonic acid ester (82% to
91% esterification) of 2,3,4-trihydroxybenzophenone. The photosensitizers and
0.020 grams of FC-430 surfactant (fluoroaliphatic polymeric ester available from

15 3M Corp.) were dissolved and filtered through a membrane filter (0.2 um in pore

" size). The photoresist solutions were spin coated, using standard techniques, onto
quartz plates at a constant speed to obtain a layer of photoresist having an initial
thickness of 1.5 um. The plates were baked in a circulating air oven at 90°C for
30 minutes.

20 This photoresist was compared with a control photoresist (AZ 6212,
available from the Electronic Products Division of Hoechst Celanese Corp.) for
photospeed, contrast, dark film loss, thermal stability and aging. The photospeed
was 2.6% faster; contrast - no difference; dark film loss was 4% faster; thermal
stability - no difference; aging (5 days at 50°C) - no difference.
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N or 0. in particul ar. aza and oxa-substitution; amno, Cl1 -Cl10 al kyl- and
~di al kylam no, preferably-Cl to C5 alkyl, nost preferably Cl1L to C; C3-C10
cycl oal kyl am no and di cycl oal kyl am no, preferably C5-C6 cycloalkyl; C3-G0
cycl oal kyl where two or nmore of the substituents Ato D are part of a
cyclic or polycylic ring systemwhich optionally nmay be heteroatom
.substituted with one or nore of Nor O Most preferred is

t et ramet hyl ammoni um hydr oxi de as an aqueous. g®Luti on. - OiflieShebeu

are shown in formulas 2 to 4: H"m”,"”m”,”,,l
CLAIMS:
1. A method for producing a water insoluble, aqueous alkali soluble novolak

resin comprising:
a) washing an acidic ion exchange resin with water, washing the ion
5 . exchange resin with a mineral acid solution and thereby reducing the
| sodium and iron ions in the ion exchange resin to less than 500 ppb
each; |
b) passing a water/formaldehyde solution through the ion exchange resin
and thereby reducing the sodium and iron ion level of the solution to
10 less than 500 ppb each; then either
©) passing one or more phexiolic compounds through the ion exchange
resin and thereby reducing the sodium and iron ion content to less
than 200 ppb each; or
distilling one or more phenolic compounds and thereby reducing the
15 sodium and iron ion content of less than 200 ppb each; or
extracting metal ions with mineral acid solution from one or more
phenolic compounds and thereby reducing the sodium and iron ion
content of less than 200 ppb each; and
d) adjusting the Lewis base concentration before condensation to a level
20 of from about 10 to 1000 ppm condensing the formaldehyde with the
one or more phenolic compounds, in the presence of a catalyst, and
thereby producing a water insoluble, aqueous alkali soluble novolak
resin having a desired and substantially consistent molecular weight
ahdasodiummdironionlevelofleqsﬂnmSOOppbeach.

25 2. The method of claim 1 wherein the Lewis base concentration is adjusted
only after condensation.

3. The method of claim 1 wherein the canlyst is an acid catalyst.

]
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4.  The method of claim 1 wherein the Lewis base is a hydroxide of an organic

counterion.

5. The method of claim 4 wherein the Lewis base is an ammonium hydroxide.

6.  The method of claim 1 wherein the Lewis base is an organic base, added

5 either: 1) neat as a solid or liquid, or 2) as a salt or a solution in water, a suitable

organic solvent or a mixture of an organic solvent and water; wherein the Lewis

base is an organic cdmpound having one of the following formulas:

R, R,
Aot o
R1 \R‘, Rl. 4 Rl x s

Fornmls 2 Formula3 Formuls 4

where X = N or CR,, provided that there is at least one basic center in the
molecule if X = CR; and where in Formula 2, X can be P; where R, to R, may be
10 any of the following:

1

2)
3)
15 4)
b))

- 6)
7

20 8)

hydrogen, C,-C,, alkyl (both straight-chain and branched) where the
alkyl chains may be heteroatom substituted;

C,-C,, cycloaklyl;

hydroxy;

'C,-Cyo alkyloxy, C,-C,, cyclolkyloxy and C,-C,, aryloxy; -

C,-C,, carboxylic acid or ester <COOR and keto-subsitutent -C(=O)R,
where R is H, C,-C,, alkyl or C,-C,, aryl

halogen or nitro;

amino, C,-C,, alkyl- or dialkylamino;

C;-Cyo cycloaklylamino and dicycloalkylamino; and

R O [ e
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{err] | [err] Fornmula 2
Forrmula = 3 formula 4 :

-130-

9) C;-Cyo cycloalkyl where at least two of the substitutents R, to R, are
part of a cyclic or polycyclic ring system. .

7. The method of claim 1 where in the Lewis base is a tetra substituted

ammonium hydroxide of an organic counterion having the formula

N T

5 where the substitutents A, B, C and D may be:
1) C,-Cyo alkyl;
2) C;-C,, cycloalkyl;
3) Cs-C,; aryl or alkylaryl (C,-C,, alkyl, C,-C,; aryl) substituents;
4) C,-C, alkyloxy or C,;-C,, cycloalkyloxy;
10 5) Cs-C,, aryloxy;
6) C,-C, alkyl or C-C,; aryl carboxylic acid or ester -COOR and keto-
substituents -C(=O)R, where R is H, C,-C,, alkyl or C,-C,, aryl;
7 amino, C,-C; alkyl- and dialkylamino;
8) C,;-C, cycloaklylamino and dicycloaklylamino;
15 9) C;-C, cycloalkyl where at least two of the substitutents A to D are
part of a C,-C,, cyclic or polycyclic ring system.

8. 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
20 metal ions in the ion exchange resin to less than 500 ppb each;
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mhere X = N or CR6, provided that there is at | east one basic center in the
nol ecul e. |f X = CR6 and where in fornmula 2 X can be P, where Rl to R6 nay

“be any of the fol—l—owr‘rrg*—hyd“rvg@n_‘tl C10 al kyl (both straight-chain and
branched), prefer aﬁlyShQ&}@Bﬁ m)st preferred Cl-C2 al kyl, and where

t he al kyl chains ma het'eroatom substituted with one or more
of Nor QO C3-Cl0 c m| Im eriably C5-C6, with optional heteroatom

substitution with o ar O wherd in the case of

aza-cycl oal kyl substituents, attachrrent to the aryl ring is preferably
effected via the aza site; hydroxy, Cl1 -C10 al kyl oxy or C3-C10

cycl oal kyl oxy, C6-Cl2 aryloxy; Cl1 -Cl0 al kyl or C6-Cl2 aryl carboxylic acid
or ester -COOR and keto-subsitutent -C(=O R, where Ris H, Cl-Cl10 al kyl or
C6-Cl2 aryl, in parti eyl ar pa® dwaﬁr/pddﬁyi h :

het er oat om substi t ut egIJuCG g iﬂgv resi dugg ?&%g%@?ﬁt&gg%dﬁlgn gxcc})lm%orre%mof
Nor O in particular aza &ﬂ@l yga@an&@pmmal ipm leygleof the nolution tcalessthan
Cl- C10 al kyl - and di al kyl a@bﬁ"ﬁpb@ﬁ&i erably C, to C5 alkyl, nost preferably

c) pro_viding one or more phenolic compounds having a metal ion
5 ' content of less than 200 ppb each;
d) adjusting the Lewis base concentration before condensation to a level
of from about 10 to 1000 ppm, condensing the formaldehyde with
- said one or more phenolic compounds, in the presence of a catalyst,
and thereby producing a water insoluble, aqueous alkali soluble
10 novolak resin having a desirable and consistent molecular weight, a
metal ion level of less than 500 ppb each;
€) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photdres_ist composition, 2) the
water insoluble, aqueous alkali soluble novolak resin and 3) a suitable
15 _ solvent.

9.  The method of claim 8 wherein the Lewis base concentration is adjusted
after condensation.

10.  The method of claim 8 wherein the catalyst is an acid catalyst.

11.  The method of claim 8 wherein the Lewis base is a hydroxide of an organic
20 counterion.

12.  The method of claim 11 wherein the Lewis base is an ammonium hydroxide.
13.  The method of claim 8 wherein the Lewis base is an organic base added to

the reaction mixture either: 1) neat as a solid or liquid, or 2) as a salt or a

solution in water or a suitable organic solvent or a mixture of an organic solvent

e
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Cl to C2; C3-C10 cycloal kyl am no_and dicycl oal kyl am no, preferentially
" C5- C6 cycl oal I<—ylr’—€3—CIO’éy/I oal kyl where two or nore of the substituents
Rl to R5 are pa s Sheeids BednREplxed pol ycylic ring system which optionally may

be het eroatom su one or nore of Nor O wherein adjacent R
group can part ofB |c.group, preﬁfrably Co- C7. The
consi stency of th ight is deternfried by nmeasuring the Void

Viscosity ("V.V.), the GPC Mol ecul ar Wei ght of the final novol ak resin and
t he GPC Mol ecul ar Wei ght of the novol ak resin before distillation. A
novol ak resin having a desired and consistent nolecul ar wei ght produced
according to the process of the present invention will have a V.V fromnore
than 10.0 to | essandmusterigndowhereinfthe howis Haseis anberganid ompoundchavingong of g e
preferably froma pgut 14 0 to .about 24.0. nost prefer ably from about 16.0
to about 22.0 and® 3¥inal nol ecul ar wei ght ("MW) to nol ecul ar

wei ght before di stlllatlon [ MA(BD)"] [Ratio = MWMA(BD)] from about

greater than 0.6 to less than about 1.7, pref- erably fr about 0.7 to
about 1.5, nore preferably from about 0 8 to about 1 3, t preferably
fromabout 0.9 to

| - vx

Formuls 2 Formuls 3 Formula 4

where X = N or CR, provided that there is at least one basic center in the
molecule if X = CRg and where in Formula 2, X can be P; where R, to R, may be
5 any of the following:
1) hydrogen, C,-C,, alkyl;
2)  C,-C,, cycloaklyl;

3) hydroxy;
4) C,-C,, alkyloxy, C,-C,, cyclolkyloxy and C¢-C,, aryloxy;
10 s) C,-C,o alkyl or C¢-C,; aryl carboxylic acid or ester -COOR and keto-

subsitutent -C(=O)R, where R is H, C,-C, alkyl or C,-C,, aryl;
6) halogen or nitro;
7 amino, C,-C,, alkyl- or dialkylamino;
8) C4<C,, cycloaklylamino and dicycloalkylamino; and
15 9) C,-C,, cycloalkyl where at least two of the substitutents R, to R, are
part of a cyclic or polycyclic ring system.

14. The method of claim 8 where in the Lewis base is a tetra substituted
* ammonium hydroxide of an organic counterion having the formula:

) R 0
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,about 1.1. Void Viscosity and GPC Mol ecul ar Wei ght are neasured using
the follow ng procedures: Void Viscosity Procedure: Make a 26%
solution of the resin (6.50 grans of resin in 100 mM jar equipped with
magnetic stir bar and cap) add up to 25.00 grans of AZ Thinner Solvent.
Filter the solution through a 5 mcron nmenbrane syringefilter. Fil

vi sconeters (size #200) in the inverse positi,gn to the second |ine. Place
the visconmeter in viscosity bath at 25[err]C3?60nstant tenper- ature) for
15-20 mnutes. Take flow tinme of resin solution (seconds) and repeat til
two consistant readings are obtained. Calculation: Void Viscosity = flow
time (in seconds) x constant in centistokes per second at 25[err]C

This Sheet Has Been Replace
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Formmla 1

where the substitutents A, B, C and D may be:

1) Cy-C,, alkyl;

2) C;-C,, cycloalkyl;

3) C4-C,, aryl or alkylaryl (C,-C,, alkyl, Cs-Clz aryl) substituents;

5 4) C,-C,, alkyloxy or C,-C,., cycloalkyloxy;

5) C¢-C,; aryloxy;

6) C,-C,, alkyl or C,-C,, aryl carboxylic acid or ester -COOR and keto-
substituents -C(=O)R, where R is H, C,-C,, alkyl or C,-C,, aryl;

7 amino, C,-C, alkyl- and dialkylamino;

10 8) C,-C,, cycloaklylamino and dicycloaklylamino;

9) C,-C,, cycloalkyl where at least two of the substitutents A to D are

part of a C,-C,, cyclic or polycyclic ring system.

15. The method of claim 8 or 9 wherein the solvent is selected from the group
consisting of propylene glycol methyl ether acetate, cthyl lactate and ethyl-3-
15 ethoxypropionate.

16. 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 the ion
exchange resin with a mineral acid solution and thereby reducing the
20 metalionsmmeionexcnmgeminwlmmansoomcach;
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Mol ecul ar Wi ght (MA: The nol ecul ar wei ght of the pol yners, whether
wei ght average nol ecul ar wei ght MV or nunber average nolecul.ar..wei.ght M\,
were nmeasured by gel perneation chromatography (GPC) perforned on dilute
sol utions of the polyner in tetrahydrofuran (THF). The a ce thsmiaced
enpl oyed consisted of a Waters (M I 1ipore Cor¥oration) pr

automatic sanpl er, vacuum punp, chromatography colums wt

differential refractoneter connected to a Shimadzu CR 30A data reductlon
system wi th acconpanyi ng software (version 1.1. Shinmadzu part no. T/N
22301309-91). The refractorneter used was a Waters nodel 410 and four

chromat ogr aphy col urms;y 50 oaagﬁxg‘S QalkSsrinaRith dé&ﬂxﬁamzﬁrmg@mgﬁtew{&ge fesA00
nm (10, 000 Angstrom and 10, 000 nm (100, 000 Angstror’r) (avai | abl e from

and thereby reducmg the metal ion level of the solution to less than

500 ppb each; .
c) providing one or more phenolic compounds having a metal ion
5 content of less than 200 ppb each;
d)  adjusting the Lewis base concentration before condensation to a level

of from about 10 to 1000 ppm, condensing the formaldehyde with the

one or more phenolic compounds, in the presence of a catalyst, and

thereby producing a water insoluble, aqueous alkali soluble novolak
10 resin having a metal ion level of less than 500 ppb each;

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 and 3) a suitable
solvent and thereby producing a positive working photoresist

15 composition; _

f) coating a suitable substrate with the photoresist composition;

g2 eat treating the coated substrate until substantially all of the solvent is
removed;

h) image-wise exposing the photoresist composition; and

20 i) removing the image-wise exposed areas of the photoresist
composition with a suitable developer.

17.  The method of claim 16 wherein the Lewis base concentration is adjusted
after condensation.

18. The method of claim 16 wherein the catalyst is an acid catalyst.

25 19. The method of claim 16 wherein the Lewis base is a hydroxide of an organic

. counterion.
AR
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fVatérs) were connected in series. The systemwas calibrated using nultiple
avail abl e pol ystyrene standards ranging in nol ecul ar weight as follows:

-35-

20. The method of claim 19 wherein the Lewis base is an ammonium hydroxide.

21.  The method of claim 16 wherein the solvent is selected from the group
consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-
ethoxypropionate. -

—
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Cal i brati

1
%
3

GPC CALI BRATI ON
on Standard (Polystyrene). Mol ecul ar Wi ght
470, 000
170, 000 _
68, 000 -36-

Abstract of the Invention
The present invention provides methods for producing water insoluble,
aqueous alkali soluble'novolak_ resins having a very low level of metal ions and a
substantially consistent molecular weight. A method is also provided for

5 producing photoresist composition from such novolak resins and for producing

semiconductor devices using such photoresist compositions.
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solution (e.g. in water) through an acidic ion exchange resin. Untreated
oxalic acid typicalTy METAEBION REDUCTION IN THE RAW MATERIALS

- This Sheet Has Been Replaced USING A LEWIS BASE TO CONTROL
l ",I , ,I"" ml I, ,", MOLECULAR WEIGHT OF NOVOLAK RESIN
BACKGROUND OF THE INVENTION

The present invention relates to a process for reducing metals ion in raw

materials such as cresols, formaldehyde, and oxalic acid and for producing novolak
resin of consistent molecular weight having a very low level of metal ions,
especially sodium and iron, and for using such novolak resin in light-sensitive
compositions. The present invention also relates to a process for making light-
sensitive compositions useful in positive-working photoresist compositioﬁ_s. 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 compositions are used in microlithography prdcesses for making
miniaturized electronic components such as in the fabrication of computer chips
and integrated circuits. Generally, in these processes, a thin coating of film of a
photoresist composition is first applied to a substrate matenal, 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 cither the radiation-exposed or the
unexposed areas of the coated surface of-the substrate. 3 "‘" ,,g g

Metal contamination has been a problem for a long time in the fabrication
of high density integrated circuits and computer chips, often leading to increased
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ion | evel s of about 1000 to 2000 ppb or higher of each
After treatnment by passing through the ion exchange res
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Ha plassiacprocesseser

D
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et her acet at
ethyl-3-eth

propyl ene glooneiminmisn espeyially dafing pwsﬂﬁyitﬁ?;ﬁn | ¥sbevet, iiése(frobleni3tabiy | )
e, _eg%

e, ethyl-3-ethoxypropl onat | actate, m xtures of
QYpicomet te asubstantigl extens fapricatien prosessx yFasnexample,

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 1iqu.id- 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 adversely affect the properties of such semiconductor devices.

Novolak resins are frequently used a polymeric binder in liquid photoresist
formulations. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid. In producing sophisticated
semiconductor devices, it has become increasingly important to provide novolak
resin having a substantially consistent molecular weight and a metal contamination
level well below 1.0 ppm. During raw materials purification to remove metals a
minor amount of Lewis base is also removed. It was surprisingly discovered that
when the level of Lewis base is too low the production of novolak resin failed
because of the depolymerisation of resin at a high temperature distillation step of

. the process.

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
image-wise to radiation, the areas of the resist composition exposed to the radiation
become less soluble to a developer solution (e.g. a cross-linking reaction occurs)
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di gl yme, ethylene glycol nonoethyl ether acetate. The pr
are propyl ene-glycel—methyl—et-her acetate (PG MEA) and
et hyl - 3- et hoxypr opi onat e (EEP). O her optional ingr
col orants, dydhis SkesttHas BéenRejilican agent s, | evel i ng agents, 2baﬁuéers
adhesi on pronot ancers, sol vedts and such guff

non-ioni c surf ,‘Emwded to the solution of ngv k.resin,
sensitizer and solven t he photoresist conmpositign is coated onto

substrate. Exanples of dye additives that nmay be used t wi-t-k-the.
phot or esi st conpositions of the present invention include Mthyl Vol et 2B

C.1. No. 42538) FEY

22000) Victorra éﬁje éé(yf&?é QJCEI%J ﬁiéf&h?? % &ﬁ#?ﬁﬂﬁhﬁeﬁ&sﬁg’ Skglb %5"040)
at one to tensyohrzsolutiowi g‘hus,ltﬁea&hau d@'mee& sed Hegati Oednionicid g wesig iitoh
novol ak and sen- sitizer. The dye addltlves hel p provi de increased

resol uti'on by develonst capsgs B%Rv%l&ft‘h%ﬂf’ng?ﬁ“d iagaes affthe phetorrgist ceating. and
Anti-striati Oﬁlea!gge b ggatl{ﬂ'léq&ﬁgé gfaxet é)oaﬁgg Ut'I'hcrefb'qu%c Vg s el ght

| evel , based on
portion of the underlymg substrate surface on which the photoresist composition

was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. a
rearrangement reaction 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 substrate surface. In some instances, it is desirable to heat treat the
mmainingphotoresisthyer,aﬁerthedevdopmmtstepandbefomtheetéhing step,
to increase its adhesion to the underlying substrate and its resistance to etching
solutions. ' |

Positive working phototésist compositions are currently favored over
negative working resists because the former generally have better resolution
capabilities and pattern transfer characteristics. Photoresist resolutioh is defined as
the smallest feature which the resist composition can transfer from the photomask
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novol ak and d‘e@BE)ph'leiierIn g neputRturiReAPLIC RN A6d £y, réyid: redluthm oFad

i ncl ude, for exanf]é]ém picric acid, nicotinic acid or nitrocinnamc acid up

to about a X@d¢re mlogntmllc@meare nigwea;ryorlntalddxmm lﬁ@h%lag\mysof novol ak
and sensitiz r he sol ubi of the pho-
toresist coatt @b-lif Hcﬁ‘ﬂg éifg@gﬂeséﬁd”%ﬁ FaE e g‘l‘n‘(?s ey are
used in appl duﬁéﬁ-dtQﬁSu&K‘ gémaRe8shsHetween developed and undeveloped areas of the

rgsist 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 novolak resins
having a substantially consistent molecular weight and containing a vcrj'.low levels
of metal ions, especially sodium and iron. The invention also relates to a
photoresist containing such novolak resins. The invention further relates to the
control of the amount of Lewis base in a process of producing such novolak
resins having a subsantially consistent molecular weight. The invention further
relates to a process for producing semicoductor devices using such photoresists
containing these novolak resin and a photosensitizer. '

The process of the subject invention provides a water insoluble, aqueous
alkali soluble novolak resin obtained by condensing with formaldehyde one or
more phenolic compounds, such as metn-cresol, para-cresol, 3,5-dimethylphenol or
2 4-d1m=thy1pheml.

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 jons. The level of sodium and iron ions, are respectively, less than
100 ppb and 400 ppb, preferably less than 75 ppb and 300 ppb, more preferably
less than S0 ppb and 200 ppb, even more preferably less than 30 ppb and 130 ppb
and most preferably less than 10 ppb and 10 ppb.
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devel opment is the overriding consideration even th egree_ of
contrast may be sacrificed; i.e., while the exposed] aRERACEH

phot oresi st coating will be dissolved nore quickly py t he
speed enhances will also cause a larger |oss of pho}fo eii t coating ffrom
t he unexposed areas. The sol vents I’T’ﬁ)ﬁ be presen n t"ié“ﬁ/@%ll
conposition in an anount of up to 95% by wei ght of solids in the

conposition. Solvents, of course are substantially frenoved after coatji ng of
t he photoresist solution on a substrate and dryi ng. =Nes—eRi-c—surfactlant s
that may be used include, for exanple, nonyl phenoxy poly(ethyl eneoxy)

et hanol ; octyl- paaBMsdtiblédjuedis AlRall SolabRUovaiie EintHalvirlgey ¢&r§. lokased on
t he conbi ned wei ght of novol ak” and sensiti zer. The prepared phot oresi st
sol ution, caavéle ofippitilddns may beudhtained by ispndangingdformaldehydel havinghodenysed i n

the photor esl'o%vt level of metal ions with one or more phenolic compounds,such as m-cresol, p-

cresol, 2,4 and 2,5 -dimethylphenol having a very low !cvcl of metal ions.The
condensation reaction is preferably carried out in the presence of a 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.

In the process of the present invention it is necessary to adjust the amount
of Lewis base present before or after the condensation, to stabilize the molecular

weight.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a process for producing novolak resin
having a substantially consistent molecular weight and containing a very low level
of metal ions, particularly sodium and iron. The subject process utilizes an acidic
ion exchange resin to purify the formaldehyde and, in a preferred embodiment,
uses the same type of ion exchange resin to purify the catalyst, e.g. oxalic acid. In
a preferred embodiment, the process uses the same type of ion exchange resin to
purify the cresol raw materials, e.g. methylphenol, dimethylphenol, or mixtures of
them. The subject process compnses |
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 level
of sodium and iron ions in the ion exchange resin to less than 500
ppb each, 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 level of sodium and iron ions in the solution
to less than 500 ppb each, preferably less than 375 ppb, more
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preferably less thah 250 ppb, even more preferably less than 100 |
ppb and most preferably less than 40 ppb;

producing one or more phenolic compounds having a level of
sodium and iron ion content of less than 400 ppb each, preferably
less than 200 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 a catalyst, preferably an
acid catalyst, more preferably oxalic acid, adjusting the Lewis base
concentration before and/or after the condensation to at level of from
about 10 to about 1000 ppth, preferably 20 to 500 ppm, most
preferably 30 to 300 ppm, to produce a water insoluble, aquebus
alkali soluble novolak resin having a desired and substantially
consistent molecular weight and a sodium and iron ion level of less
than 500 ppb each, preferably less than 375 ppb, more preferably
less than 250 ppb, even more preferably less than 100 ppb and most
preferably less than 40 ppb.

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:

3)

b)

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 level of sodium and iron
ions in the ion exchange resin to less than 500 ppb each, 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 sodium and iron ion level to less than 500
ppb each, preferably less than 375 ppb, more preferably less than

———
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art, including dipping, spraying, whirling and spi oating. \Wen spin
coating for exanple, the resist solution can be adj. UWPQMYEMENT" 8 to
t he percentage of solids content, in order to provijdg
desired thickness, given the type of spinhing equi Argnt ,utilized apd|the
amount of tine allowed for the spinning process. Stiﬁab‘\'2 &bsifpat ¢s

I ncl ude silicon, alumnum polyneric resins, silicdnldjoxide, doped $ilicon
di oxide, silicon nitride, tantalum copper, polysilkicon, ceramCS, '
~al um nunm copper m xtures; gallium arsenide and ot hef~sdch-Gaup [11N
conmpounds. The photoresist coatings produced by the described procedure
are particularly suital2sé ppbr evannonaprefenatily less haral 06 pgb ansh most
silicon/silicon dioxide-coated wafers, sych as are utilized in the
production of mcropr ocPé%fSHE’E’ lessithan - PRR: i - aturi zed integrated circuit
conmponents. An al yum nu ' | ; : lavie

substrate nay al sgwom%&&\{ﬁgﬁug(%gﬁyﬁéﬁgc ?g‘gﬁpﬁg@eﬁﬁgﬁs tgtlsgr?spar ent
pol ymers such as pol yesbéius andiros ids tomert ofelpsshthare 466 pabiteach, preferablpt ed

| ayer of a suitable conposition, such as Opgabi?nt ai hi ng. he a-gl Kyl

di si | azane. less than 200 ppb, more pre less than $0 ppb and most
preferably less than 30 ppb;

d) condensing the formaldehyde with one or more of the phenolic

compounds, in the presence of a catalyst, preferably an acid catalyst,
more preferably oxalic acid, adjusting the Lewis base concentration
before and/or after the condensation to a level of from about 10 to
about 1000 ppm, preferably 20 to 500 ppm, most preferably 30 to
300 ppm, to produce a water insoluble, aqueous alkali soluble
novolak resin having a desired and substantially consistent molecular
weight and a sodium and iron ion level of less than 500 ppb each,
preferably less than 375 ppb, more preferably less than 250 ppb,
even more preferably less than 100 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 total sodium and iron ions, and a dersired and
substantially consistent molecular weight, 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. sulfuric,
nitric or hydrochloric acid) to reduce the sodium and iron ions in the
ion exchange resin to less than 500 ppb each, preferably less than
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The phot oresi st conposition solution is then coated Qnto _fhe substrate, and

the substrate is treated at a tenperature from about} 7REBACEM
110[ err] C from about 30 seconds to about 180 seconds} op—a—het E&Pﬁgﬂ

r| for

P+
from about 15 to about 90 mnutes in a cogvection ovgenf This tenperafufe
treatment is selected in order to reduce” the concent|a}i &P #UG @fﬂual
solvents in the photoresist, while not causing substpniial thernal
degradati on of the photosensitizer. In general, one Hesires to mnimze the
concentration of solvents and this first tenperature-t+eatnent-is conduct ed
until substantially all of the solvents have evaporated and a thin coating
of phot oresi st conposi tli06rppbomoaré preferdbly loss tar 58 ppboand mostpreferabdy no

remai ns on the substrate. In a,preferred enbodi nent the tenperature is from
about 85[err]C to aboutm@'ﬁ[‘gﬂfépp he treatment is conducted until the rate
of change of sol V%?ré r aREASIRPmARERYde/RMtidn G dligh' the 36 exchagge
tenperature and ti sel ectTon depends on the photoresi st properties

desired by the user, agesirlandaeducing thgusodinemand srod iamdevebtantess than| 390desi r ed

coating times. The coated opoLl ALS5 0 aTPE pfb RBSR rbfirtt) 1k ran

250 ppb, even more preferably less than 100 ppb and most
preferably less than 40 ppb;

c) producing one or more phenolic compounds and reducing the level
of a sodium and iron ions to less than 400 ppb each, preferably less
than 200 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 a catalyst, preferably an acid catalyst,
more preferably oxalic acid, adjusting the Lewis base concentration

| before and/or after the condensation to a level of from about 10 to
about 1000 ppm, preferably from about 20 to 500 ppm, most
preferably from about 30 to 300 ppm, to produce a water insoluble,
aqueous alkali soluble novolak resin having a desired and
substantially consistent molecular weight and a sodium and iron jon
level of less than 500 ppb each, preferably less than 375 ppb, more
preferably less than 250 ppb, even more preferably less than 100
ppb and most preferably less than 40 ppb.

e) providing an admixture of: l.) a photosensitiﬂre component in an
amount sufficient to photosensitize the photoresist composition; 2)
the water insoluble, aqueous alkali soluble novolak resin having a
desired and substantially consistent molecular weight and a low
level of total sodium and iron ions and 3) a suitable solvent;

f) heat tr-eatiné 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

s

heet Has Been Replaced

T ==




ultraviolet radiation, at a wavel ength of from about 300 nmto about 450
nm Xx-ray, etectronm beant Tombeam or | aser radiation,| | ! -
pattern, produc se of suitable masks, negatives, cﬁggm“@%i%.ra es,
etc. The PHgkE ' ¥ cf"ﬁen optionally subjected a post expostr
second baki ng ﬂ nt: either bef®9re or afterﬂ ev2BoAUE 994 The
heating tenper ge fromabout 90[err]Cto

- preferably from about 100[err]C to about 110[err] C The e

conducted for from about 30 seconds to about 2 minute&__ppre preferably
from about 60 seconds to about 90 seconds on a hot plate or about 30 to

about 45 m nutes by convecgtion oyen. The expose hot pr esi st - coat ed
substrates are devel ope&"“‘%’llcr g’rﬁf&? efch ﬁ_ﬁ@@-wg%we%ﬁgﬁo&é{r‘@%r‘ by

i mrersion in an alkali ”@pﬁ%ﬁﬂlﬂ@ﬁ@&a?cﬂe%hﬁrh Wﬁﬁhﬁoﬁﬂﬁsbﬁe%ﬂh@ﬁ/

devel opment process. The solution is preferably agitated, for exanple, by

ni trogen burst agitati otmmetiately beforeoeafter theakmoving step.r emain in the
devel oper until all,, or, substanti al ], of th hpt or esi st coati ng has
di ssol ved fromt hehe@?ﬁ(%gél s‘é’tpé‘é’é‘.g&%égd*ﬁr%n??ﬁ’k}i %Siﬁh%‘ﬂﬂ%o‘(ﬁy ¥ ut i ons

of levels of metal ion contamination as well as desired molecular weight cannot be

obtained by condensing formaldehyde with one or more phenolic compounds, in
the presence of catalyst, unless one either: 1) adjusts the concentration of Lewis
base before condensation, 2) adjusts the concentration of Lewis base after the

- condensation or 3) adjusts the concentration of Lewis base both before and after
condensation or 4) adjusts the concentration of Lewis base in the raw materials,
such as cresols, by adding or removing a Lewis base.

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 initially rinsed with deionized water,
followed by a mineral acid solution such as a 10 percent sulfuric acid solution,
rinsed again with deionized m. treated again with the mineral acid solution and
once more rinsed with deionized water.

The formaldehyde 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 Such solutions typically contain 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. B

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. Such low levels may also be obtained by passing through the

* HAS BEEN
1S SHEET HAS
| TR L EpLACED



ammoni um or al kali netal hydroxi des. One preferred hyfr, gt hyl
ammoni um hydr oxi de. After renoval of the coated wafer @? gﬁ@%% odi ng
q

sol ution, one nmay conduct an optional post-devel oprment jheat treatnent
bake to increase the coating' s adhesion and chem cal |resi 2aAUG 1996etichi ng
sol utions and ot her substances. The post-de: vel opnent |heat treatnentf dan
conprise the oven baking of the coating and substratg b ™ng' s
softening point. In industrial applications, particullarly in the
manuf acture of mcrocircuitry units on silicon/silicon dioxide-type
substrates, the devel oped substrates may be treated with a buffered,
hydr of | uori c cagtashind@ion dree! iofi SrShARk tedif Rolubie s tat eHeeitdl lsoiuid asd iroRfien Of
the present inventjon are resistant to acid-based etching solutions and
provi de ef f econtont isragtlewtascid prhr or less.uAarthes methndotooplsainssuch dewilenglsiseas of

1 ustrati ondYSPEREEREcRShs BhPNRE bpordal SaF Be R mbheed vBERIOBASHE ] Ons ot
the present. ispVEBH i Rvatelt8 TEmB¥ @ BAS trh Tevedlas 16W A8 A6 Chpb érviR¥eEacht 0 i m t
or restrict the scope of the o

It was surpri

singly discovered that during the ptiriﬁcation process of
phenolic compounds by ion exchange, distillation, and/or solvent extraction process
to remove metal ions, a minor amount of Lewis base was also removed. Due to
the absence or too low a concentration of the Lewis base, the novolak resin was
partially depolymerized during the manufacturing process. The physical properties
of the depolymerized resin change due to degradation and it is in an undesirable
way for photoresist compositions. This problem can be substantially avoided by
adjusting the amount of Lewis base before and/or after the condensation step of

' novolak manufacturing process. The Lewis bases can be present in the range of
from about 10-1000 ppm, preferably from about 20 to 500 ppm, most preferably
from about 30 to 300 ppm. Lewis bases that may be used include hydroxides of
organic counterions such as tetra-substituted ammonium hydroxide (Formula 1), or
other organic bases (Formulas 2 to 4), added to the reaction mixture either neat as
a solid or liquid or used either as a salt or a solution either in water or a suitable
organic solvent, or a mixture of an organic solvent and water. .

oL

Formmula 1 -

where the substituents A, B, C and D may be C,-C,, alkyl or alkenyl (both
straight-chain and branched), particularly preferred are C,-C, alkyl, the alkyl chains
‘may optionally be heteroatom substituted, with one or more of N or O; C,-C,,
cycloalkyl, preferably 5-6, with optional heteroatom substitution, with one or more
of N or O; C¢-C,, aryl or alkylaryl ( C,-C,, alkyl, C¢-C,; aryl) substituents; C,-

THIS SHEET HAS Bi'
REPLACED




i nvention in any way and shoul d not be construed as prouiding-eeret+onp
paranmeters or_values which nmust be utilized exclusive yREPLMIEﬁeh: tSHEET
- practice the present invention. The foll ow ng Exanol e{ o7 "SHTOW Nno
raw mat eri al s Was Sheglas BdeReplaoddd hence show only a pal

the present inv mmumﬁmﬂ Exanpl es .§ito 24 illust '- Lzéréug ﬁ%fe e

nmet hod of the p n.  Exanple 1 30 gn
15 i on exchange resi rejplaced in a conical fjl ask and dei oni zed
(D) water was added so that all of the resin beads we ' : ) e
flask was sealed and allowed to stand overnight to swell the resin beads.
The next norning the water was decanted, delonlzed wat er added to cover the
resin beads Qmjﬁkyloxy or C;-C,, cycloalkyloxy,” Co-C,, aryloxy; C,-C,, alkyl or C,-C,,

aryl carboxylic acid or ester -COOR and keto-substitutents -C(=Q)R, where R is H,
C,-C,, alkyl or C¢-C,; aryl, in particular methyl as alkyl, and including
heteroatom-substituted C,-C,, aryl residues, substituted with one or more of N or

0, in particular aza and oxa-substitution; amino, C,-C,, alkyl- and dialkylamino,
preferably C, to C, alkyl, most preferably C, to C;; C;-C,, cycloalkylamino and
dicycloalkylamino, preferably C,-C, cycloalkyl; C;-C,, cycloalkyl where two or
more of the subsfituents A to D are part of a cyclic or polycylic ring systein which
optionally may be heteroatom substituted with one or more of N or O. Most
preferred is tetramethylammonium hydroxide as an aqueous solution.

Other preferred Lewis bases are shown in formulas 2 to 4:

where X = N or CR,, provided that there is at least one basic center in the
molecule if X = CR, and where in formula 2 X can be P; where R, to Ry may be
any of the following: hydrogen, C,-C,, alkyl (both straight-chain and branched),
preferably C,-C; alkyl, most preferred C,-C, alkyl, and where the alkyl chains may
optionally be heteroatom substituted with one or more of N or O; C,-C,,
cycloalkyl, preferably C,-C,, with optional heteroatom substitution with one or
more of N or O, where in the case of aza-cycloalkyl substituents, attachment to the
aryl ring is preferably effected via the aza site; hydroxy, C,-C,, alkyloxy or
C,-C,, cycloalkyloxy, C,-C,, aryloxy; C,-C,, alkyl or C,-C,, aryl carboxylic acid
or ester -COOR and keto-subsitutent -C(=O)R, where R is H, C,-C,, alkyl or
Cs-C,, aryl, in particular methyl as alkyl, and including heteroatom-substituted
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the flask was shaken slowy. The water was again decanted. The rinsing with
dei oni zed water and decanting steps were repeated thrge S
resulting slurry of ion exchange resin was poured int. @Egmgﬁoﬁ
colum having a dianeter of 2 cm and equi pped with a}lpgrous disk and
stopcock. The resin was allowed to settle td-the bottdmijang ot AEGCHROM) Yas
back flushed with deionized water for 25 mnutes. The |rdsin was again
allowed to settle to the bottom The bed | ength S ‘mEasuredand 1t he
bed volunme was calculated as 72 m. A 10 percent sulfuric acid solutionljwas
passed down through the resin bed at a rate of about 16 mM./mn (14.1 bed

{asin bed. 60 o g rdiroRinRe SEhT oBf o Helf ot B O R B llal 4B,

oxa-substitution; halogen or nitro; amino, C,-C,, alkyl- and dialkylamino,

)
| ass
a

preferably C, to C; alkyl, most preferably C, to C;; C,-C,, cycloalkylamino and
dicycloalkylamino, preferentially C,-Cs cycloalkyl; C,-C,, cycloalkyl where two or
more of the substituents R, to R, are part of a cyclic or polycylic ring system
which optionally may be heteroatom substituted with one or more of N or O,
wherein adjacent R group can part of a C,-C,, cyclic group, preferably C,-C;

The consistency of the molecular weight is determined by measuring the
Void Viscosity ("V.V"), the GPC Molecular Weight of the final novolak resin and
the GPC Molecular Weight of the novolak resin before distillation. A novolak
resin having a desired and consistent molecular weight produced according to the
process of the present invention will have a V.V from more than 10.0 to less than
40.0, preferably from about 12 to about 32.0, more preferably from about 14.0 to -
about 24.0, most preferably from about 16.0 to about 22.0 and a ratio of final
molecular weight ("MW™) to molecular weight before distillation ["MW(BD)"]
[Ratio = MW/MW(BD)] from about greater than 0.6 to less than about 1.7,
preferably from about 0.7 to about 1.5, more preferably from about 0.8 to about
1.3, most preferably from about 0.9 to about 1.1.

Void Viscosity and GPC Molecular Weight are measured using the
following procedures:

Void Viscosity Procedure:

Make a 26% solution of the resin (6.50 grams of resin in 100 ml jar
equipped with magnetic stir bar and cap) add up to 25.00 grams of AZ Thinner
Solvent. Filter the solution through a § micron membrane syringefilter. Fill
viscometers (size #200) in the inverse position to the second line. Place the
viscometer in viscosity bath at 25°C (constant temperature) for 15-20 minutes.
Take flow time of resin solution (seconds) and repeat till two consistant readings
are obtained. Calculation: Void Viscosity = flow time (in seconds) x constant in
centistokes per second at 25°C.
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Molecular Weight (MW):

The molecular weight of the polymers, whether weight average molecular
weight MW, or number average molecular weight MN, were measured by gel
permeation chromatography (GPC) performed on dilutq solutions of the polymer in
tetrahydrofuran (THF). The actual apparatus employed c.onsistcd of a Waters
(Millipore Corporation) programmable automatic sampler, vacuum pump,
chromatography columns with heater, and a differential refractometer connected to
a Shimadzu CR 30A data reduction system with accompanying sotfware (version
1.1, Shimadzu part no. T/N 22301309-91). The refractormeter used was a Waters
model 410 and four chromatography columns, S00 Angstrom, 1000 Angstrom,
10,000 Angstrom and 100,000 Angstrom (available from Waters) were connected
in series. The system was calibrated using multiple available polystyrene standards

ranging in molecular weight as follows:

'M
GPC CALIBRATION

Calibration Standard (Polystyrene) Molocalar Weigl

“ 1 | 470,000

" 2 | 170,000

u 3 | 68,000
4 34,500
5 ' 9,200
6 1 3,200

ll 7 1,250 -

The standards are essentially monodisperse, consisting substantially of a
single molecular weight. With the system thus claibrated the weight average
molecular weight MW, was obtained for polymers produced in accordance with the

examples given hereinafter.
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the resin bed at about the sane flow rate. The pH of the effluent water was
nmeasured to assure that it matched the pH of 6 for fresh deionized water.

500 granms of Ca-28 cresol mxture (cresylic acid) cont ampm{;w.ﬁ ppb
of sodi um and about 500 ppb of iron and 30 ppm of nitrfoges-Base mﬁé ggassed
down through the resin bed at the sane flow rate. The cre%lglc acid
obtained had a very low level of netal ions,as followg: Iso¢ uﬂﬂGm&) bpb,
iron - <20 ppb and nitrogen base | ess than % e detectgble Timt. Exafmpfe 2
200 grans of cresylic acid (Ca 28) containing 1000 ppf of sodi um and—50p
ppb of iron and 200 ppm of nitrogen -

In a particularly preferred embodiment of this invention the acid catalyst,
e.g. maleic anhydride or oxalic acid, is also passed in solution (e.g. in water)
through 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 ion exchange resin, metal levels are reduced to as
low as 10 ppb or less in a 10 percent solution of oxalic acid in deionized water.
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 high.

The present invention relates to a process for producing a novolak resin, a
process for producing a photoresist composition containing such a novolak resin
and a process for producing semiconductor devices using such a photoresist
composition. The photoresist composition is formed by providing an admixure of
a photosensitizer, the subject water insoluble, aqueous alkali soluble novolak resin
and a suitable solvent. Suitable solvents for such photoresists and for novolak

resins may include propylene glycol mono-alkyl ether, propylene glycol alkyi (e.g.
methyl) ether acetate, ethyl-3-ethoxypropionate, ethyl lactate, mixtures of ethyl-3-
ethoxypropionate and ethyl lactate, butyl acetate, xylene, diglyme, cthylene 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 enhancers, solvents and
such surfactants as non-ionic surfactants maiy be added to the solution of novolak
resin, sensitizer and solvent before the ﬁhotoresist 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.L.
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.
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base was distilled under a vacuum of 20 nm pressure. The

cresylic acid

obt ai ned had a very low |l evel of netal ions and nitroggn
Sodi um <10 ppb, iron <10 ppb and nitrogen base | ess thgn

qm{ PO$F il

limt. Exanole 3 100 grans of cresylic acid (Ca 38)
of sodium and 150 ppb of iron and 100 ppro p§ -nitrogen Hag

contai ning 1Q ppb
e 2OsAUGIP9st ¢d |-

with 10% HCl solution (4 X 100 nL). The cresylic acid S
water (2 X 100 nL) to renobve HCI. The cresylic acid obtjai

nmetals and nitrogen base as follows: Sodium <10 ppb, Ingon 80 ppb and -

washed wi th

ni trogen base | ess than the detection limt.

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-(bet'a-chlo;oethyl)-ester; stearic
acid; dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl resins, at
about one to ten percent weight lew')els, based on the combined weight of novolak
and sensitizer. The plasticizer additives improve the coating properties of the
material and enable the application of a film that is smooth and of uniform
thickness to the substrate.
. Adhesion promoters which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; 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 nitrocinnamic acid up to about a 20 percent weight level, based
on the combined weight of novolak and sensitizer. These enhancers tend to
increase the solubility of the photoresist coating in both the exposed and
unexposed areas, and thus they are used in applications when speed of
development is the overriding consideration even though some degree of contrast
may be sacrificed; i.c., 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.
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Exanpl e 4 21.8 kg (48 Ibs.) of wet AMBERLYST 15 _ion _exchange resin

beads (17.2 kg = 38 I bs. dry) were placed in a 34 1 '
cani ster, havinga pressure rating of 27.6 N cnk (40 éRE%L 3 ENT SHEET

1, 9001(500 g_@}j. J - | i nagledf eed kettle, having a pyegsure rati n% 69
N cn2 (100 pSHghe S0t and a 7.6 cm@o. 4 Nc 32 MG 9P psh o)
rupture di sk,(l ﬂ“ JHL(100.0 gal.) of D water} {The feed kettlje mas
pressuri zed t 0 psig) using nitrogen aphd water was slowljy
transferred through a bottom outlet valve through th | | "
through a feed valve into a glass- lined product kettle, having a pressure

rating of 103.4 Ncn2 (150 psig) and a 5.08 cm (2 inch) 69/69 Ncn? _
(100/ 100 psig) doubiThe prgpased-phpteresispsalutiont carebe applied: toeh substrpiedry. amyt h

) et e e AR R AL

set at 60 rpm @nlihBand spin coating. When spin coating, for example, the resist solution can

be adjusted with respect to the percentage of solids-cohtcnt, in order to provide
coaﬁng of the desired thickness, given the type of spinning equipment utilized and
the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group III/V compounds.

The photoresist coatings produced by the described procedure are
particularly suitable for application to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in the production of microprocessors and other
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer
can also be used. The substrate may also omprise 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 photoresist composition solution is then coated onto the substrate, and
the substrate is treated at a temperature from about 70°C to about 110°C for from
about 30 seconds to about 180 seconds on a hot plate or for from about 15 to .
about 90 minutes in a convection oven. This temperature treatment is selected in
order to reduce the concentration of residual solvents in the bhotoresist, 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 insignificant. The temperature and time selection
depends on the photoresist properties desired by the user, as well as the equipment
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tenperature was nmai ntained at 20-30 C. The feed kettlewas _pressurized to.

13.8 Ncn2 (20 psig) using nitrogen and the bottom olyt REPLACEMENT VEHEETP¢Ned

through the open_inlet_valve to the product kettle. The inLe e\
opened so as UK Ha e Replacedy f | ow rat e 1df- about 1)3 15%14”%8%

ﬂ J d product kettle were tlhed drained. f ped
kettle outl et g sin canister was closedjand the feed kettfe
~was rinsed with DI water. 1, 7001(450 gal.) of D “weie+—was—echat-gedit o
- agitator was O !rh:ﬁe {r iiﬁ\tgt : (Fedtd @anlthe bbY cn?

(20 psig) usi ﬁgédnl dr ogeng{ﬁlaélt g E‘g??om O%x?f%é"??\l}ﬁi&é%ﬁ%%iéned to sl ovvlb;blv

the product canister at a |iquid flowrate of gbout . 6.8 1/mn (1.8. .

gﬁl min). Tﬂébwmh&?p %émn&&ﬁ%%&ﬁ%&&f&@"%ém &P %@?Qéﬂaéé" F%”é’?gur e

that it matc ol ' . and
8 b Befttda Yarktet Bloddect Bl lse of MO HABKS? ndfartvRS, SRl

to slowy transfer thé sulfuric acid solution throug st r
a$

gal./mn). The

the feed kettle; the tenperature was mai ntained at 20-30[err]C and the

transfer the wepsed thacigb ridigtiono2igy uleravistet radismtion, gh a tweyelengtht of/fibme t o

product canis ned a

templates, etc. .

The photoresist is then optionally subjected. to a post exposure second . -
baking or heat treatment either before or after development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from
about 100°C to about 110°C. The heating may be conducted for from about 30
seconds to about 2 minutes,-mo_re 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 process. The solution is preferably agitated, for
example, by :iitrogen burst agitation. The substrates are allowed to remain in the
developer until all, or substantially all, of the photoresist coating has dissolved
from the exposed areas. Developers may include aqueous solutions of ammonium

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

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention. These
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turning off the agitator and all valves were cl osed. 4161(110 gal.) ofa
37 percent fornmal dehyde solution in DI water and 7 pelncgp; ayi ng
280 ppb sodi um and 280 ppb iron was charged to the fe dggé%ﬁﬁgﬁﬁgﬁgﬁ
tenperature was mai ntained at 20-30[err]C. The bottomjoytl et val ve wa$
opened to slowy transfer the fornal dehyde. gglution tHhrpudh9tAldG 182 n
canister. The inlet valve of the product kettle was opefed to obtain &
liquid flowrate of about 2.65 |/mn (0.7 gal./mn) ifpto the product
kettle. The formal dehyde obtained had a very low |l evel_of netal iops as
follows: sodium-<20 ppb, iron - <45 ppb. Exanple 5 112.5 kg (248
I bs.) of wet AMBERLYST 15 ion exchange resin beads (88.9 kg = 196 |bs. dry)
wer e placed i nexamples are not intended, however, to limit or restrict the scope of the invention

in any way and should not be construed as providing conditions, parameters or
values which must be utilized exclusively in order to practice the present

invention.

 Example |

30 grams of dry AMBERLYST 15 ion exchange resin beads were placed in
a conical flask and deionized (DI) 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 decantéd, 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 22
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 72 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. 60 bed volumes of deionized water
were then passed down throgh 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

500 grams of Ca-28 cresol mixture (cresylic acid) containing about 1000
ppb of sodium and about 500 ppb of iron and 30 ppm of nitrogen base, was passed
down through the resin bed at the same flow rate. The cresylic acid obtained had
a very low level of metal ions as follows: sodium - <10 ppb, iron - <20 ppb and
nitrogen base less than the detectable limit.
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176 1(6.2ft.3) resin canister, havinga pressure rati ngof 27.6 Ncn?

(40psig.).

process set forth in Exanple 2 was fed 4.310 kg (9500 IBs“l)ALﬁMENBrSHﬂEdleI
as a 37 percent formai - dehyde Solution in D water apd 7 percent _metha

havi ng about ﬁ:&%h&?ﬁas%@&,lﬁﬁg 547 ppb iron. 1518 ppb chfo

calcium The f
canister at a
The formal dehy

sodi um -

Intothe resin canlster cl eaned accordi ng

N Ution was slowy transfefred

0 0 A% P
bout 5.1 kg (33.3 Ibs.) o

d a very low | evel of net4l i ons as fol I,ovvs
12 ppb, iron - 4 ppb, chromum- 118 ppb, and carcrom=—tt—ppd:

Example 2
200 grams of cresylic acid (Ca 28) containing 1000 ppm of sodium and 500

ppb of iron and 200 ppm of nitrogen base was distilled under a vacuum of 20 mm
pressure. The cresylic acid obtained had a very low level of metal ions and
nitrogen bases as follows: Sodium <10 ppb, iron <l.0 ppb and nitrogen base less
than the detection limit.

Example 3
100 grams of cresylic acid (Ca 28) containing 10 ppb of sodium and 150
- ppb of iron and 100 ppm of nitrogen base was extracted with 10% HC! solution (4
X 100 mL). The cresylic acid was washed with DI water (2 X 100 mL) to remove
HCl. The cresylic acid obtained was tested for metals and nitrogen base as
follows: Sodium <10 ppb, Iron 80 ppb and nitrogen base less than the detection
limit.

Example 4 |
48 1bs. of wet AMBERLYST 15 ion exchange resin beads (38 lbs. 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 DI water. The feed
kettle was pressurized to 20 psig using nitrogen and water was slowly transferred
through a bottom outlet valve through the resin cénister 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 DI water and then 55 Ibs. of 98 percent sulfuric acid were
charged to the feed kettle. The agitator was set at 60 rpm and the temperature was
maintained at 20-30°C. The feed kettle was pressurized to 20 psig using nitrogen
and the bottom outlet valve was opened to slowly transfer the sulfuric acid solution
through the resin canister through the open inlet valve to the product kettle. The
inlet valve was opened so as to obtain a liquid flow rate of about 0.35 gal./min.
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The feed kettle and product kettle were then drained, the feed kettle outlet valve to

the resin canister was closed and the feed kettle was dqscd with DI water.

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

110 gal. of a 37 percent formaldehyde solution in DI 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 - <45 ppb.

Example 5
© 248 1bs. of wet AMBERLYST 15 ion exchange resin beads (196 1bs. 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 9500 Ibs. of formaldehyde as a 37 percent formaldehyde
solution in DI water and 7 percent methanol, having about 789 ppb sodium, 547
ppb iron, 118 ppb chromium, and 1487 ppb. calcium. The formaldehyde solution
was slowly transferred through the resin canister at a flow rate of about 33.3 Ibs.
of solution per minute, The formaldéhyde obtained had a very low level of metal
ions as follows: sodium - 12 ppb, iron - 4 ppb, chromium - 118 ppb, and calcium -
11 ppb.

REPLACED

THIS SHEET HAS BEERN




The procedure of Exanple 5 was repeated and 1, 383 kg (3050 Ibs.) of

formal dehyde as a 37 percent solution in D1 water an LEY NMEr gl
was passed through the resin canister. The fornal deh?d t%ﬁﬁgﬁg@‘& gi*gg?a very
| ow.l evel of netal ions as follows: sodiugtl2 ppb, ifoh 4 ppb, chronjum 118
ppb, and cal cium 11 ppb. Exanple 7-12 The procpdpr @ DIAUR Y €] 5| was
N

repeated and fornmal dehyde as a 37 percent solution ip P water and 7
percent mnethanol was passed through the resin canistgpr.” 1The tormattehyde
obtai ned had a very low | evel of netal ions as shownl_n_the follow-ng

Tabl e.
Example 6
The procedure of Example 5 was repeated and 3050 lbs. of formaldehyde

as a 37 percent solution in DI water and 7 percent methanol was passed through
the resin canister. The formaldehyde obtained had a very low level of metal ions
as follows: sodium 12 ppb, iron 4 ppb, chromium 118 ppb, and calcium 11 ppb.

Example 7-12
The procedure of Example 5 was repeated and formaldehyde as a 37
percent solution in DI water and 7 percent methanol was passed through the resin
canister. The formaldehyde obtained had a very low level of metal ions as shown
in the following Table.

Table 7: 'Meulg in Deionized Formaldehyde (ppb)

Metals Ex 7 Ex8 | Ex9 Ex10 |Ex11 }Ex12
Na 9 6 26 6 6 6
K <5 <5 <5 P PY <5
Fe <5 <5 <5 <5 <5 <5
Cr <5 <5 <5 | <s <5 <5
Cu <5 <5 <5 <5 ' <5 <5
Pb <s <5 <5 5 <5 <s
Mg 23 <5 10 <5 <5 <5
Zn 19 <5 87 6 7 6
Ca 22 <5 36 <s <s 15
Mn <s <s <5 <5 <5 <5

T =T



Tabl e 7:
Ex 12

<5
<5
<5
<5
<5

Metals Ex 7 Ex 8 Ex9 Ex10 Ex1l

Na 9 6 ~ )
K s <5 4cREBLACEMENT SHEFT
Fe <5 <5 <5 <5 — <5
Cr - <5 <5 45 295AUG 19965
Cu <522 - <5 45 <5 <5
Pb <5 <5 45 o) Z
Example 8

IOO grams of cresols (Ca-28) from example 1 was placed in a four necked
flask equipped with a condenser, a thermometer, and a dropping funnel. One gram
of oxalic acid (1% of cresols) and 4 grams of DI wﬁtc;' and 0.02 gram of 3-
picoline (0.02% of cresols) were added and the flask was heated to 95°C. 5297 g
of the formaldehyde (molar ratio of cresol/formaldehyde 1/0.72) from example 5
was added dropwise over three hours. The condensation reaction was allowed to
continue for 8 hburs at 95°C. and a sample was collected for GPC analysis to
determine the molecular weight. The unreacted raw materials were distilled off
using stepwise distillation technique keeping the temperature constant at 140°C for
1 hour, 190°C for 2 hours and 215°C for 1 hour and then the vacuum was applied.
When the flask temperature was 235°C and vacuum pressure was 20 mm, the
molten resin was discharged to an aluminium tray. The void viscosity and
dissolution rate in inorganic and organic solvent were determined and are shown in
Table 1 below.

Example 9 to 14
The procedure of example 8 was repeated using different amounts of 3-
picoline (added before condensation) and oxalic acid to make the novolak resins of
example 9 to 14 , shown in Table 1 below.

————
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My 23

19 <5
<5 36
<5 <5
<5 <S
Exanpl e 8

<5 10 <5 <5 <5
87 6 7 6 Sax
<5 <5 15 o REPLACEMENTNSHEET<
<5 <5 _ NI < <5
<5 Exanples 8 to 32 illustrate the rresefbmge@bﬂ.
-23-

Table 1: Effect of 3-Picoline and Oxalic Acid on Viscosity and GPC
Molecular Weight of Novolak Resin (3-Picoline was Added Before

Zn
22
<5

Condensation).
Example # Oxalic (%) 3-Picoline(%) \AY MW/MW(BD)*
' #
8 1.5 0.02 12.7 6751/13107
9 0.5 0.08 152 - 7654/5880
10 10 0.05 17.7 11185/9607
11 0.5 0.02 15.0 9207/5938
12 1.5 0.08 20.1 ~ 15153/13701
13 1.0 | 0.05 17.3 11196/9839
14 1.0 0.07 18.4 11939/8961
Note: V.V = void viscosity; MW - molecular weight of the final
resin by GPC; MW(BD) = molecular weight of resin
sample obtained before distillation.
Examples 15 t0 23

The procedure of example 8 was repeated using differnt amounts of 3-
picoline (added after condensation) and oxalic acid to make the novolak resins of
examples 15 to 23, shown in Table 2 below.
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100 grans of cresols (Ca-28) fromexanple 1 was placed in a four necked
flask equi pped with a condenser, a thernoneter, and a_droppinng-Fuaaet One
- gramof oxalic acid (1% of cresols) and 4 grans of DI-:..;;QV\@&QEME&!]HSBEE)TZ gr ans
of 3-picoline (0.02% of cresols) were added and t hejf l-ask-was—heared o

95[err] C. 52.97 g of the fornmal dehyde (nolar ratio o r I dehyple
1/0.72) fromexanple 5 was added dropw se_oyer threg Eo?‘gi@%gﬂb
condensation reaction was allowed to continue for 8{h¢urs. at95Lew~ Cland a
sanpl e was col lected for GPC anal ysis to determne §he nol ecul ar wei ght.
The unreacted raw materials were distilled off using =e—cistTTTati on
techni que keeping the tenperature constant at 140 C for 1 hour, 1 90[err]C
for 2 hours and 21 5C for 1 hour and then the vacuum was applied. Wen the
fl ask tenper at ur &abde 22 3Fhe Effedt vhVarioup Aanouncof 3-<Picilinenon Mistosity,t GRCr €si n
The void viscosity and dissol ution

was di scharged to an al ym ni up,t.ray, Voi, :
rate in inorganic andwwﬂ?'é Qig'&é@mpﬂed%{"@ﬂﬁﬂrﬁs@“’aﬁﬂnﬁmﬂgnmﬁn in

Tabl e 1 bel ow.
15 15 0.02 18.8 15042/11443
16 0.5 0.08 17.1 8794/8121
17 1.0 0.05 18.7 15675/15770
18 05 0.02 16.4 8374/7255
19 15 0.08 20.1 17200/17121
20 1.0 0.05 18.9 16790/15751
21 1.0 0.07 209 15733/15528
22 1.0 0.05 20.6 14695/13706
Examples 23 and 24

The procedure of example 8 was repeated adding piperidine and pyridine
(before condensation), respectively, instead of 3-picoline, to make the novolak
resins of examples 23 to 26, as shown in Table 3 below.

Table 3: Other Lewis Bases Added Before Condensation

Example # Basc Amount | V.Y | MW/MW(BD)

23 Piperidine 0.05% | 16.1 9932/9838
24 Pyridine 0.05% | 20.0 ] 14133/13651
This Sheet Has Been Replaced -
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Exanple 9 to 14 The procedure of exanple 8 was repeated using
different ampunts of 3-picoline (added before condensat | k cjd
to make the novol ak resi ns‘f‘xarrpl e 9 to 14, shown in _?}n ge Jigﬁfﬁgﬁﬁff‘

This Sheet Has Been R
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Comparative Examples 25 and 26

The procedure of example 8 was repeated to make novolak resins identical to the

resins of examples 17 and 19. No Lewis base was added, to show that the resins

obtained are depolymerized, as shown in Table 4 below.

Table 4: Partial Depolymerization of Novolak Resin in Absence of Lewis Base

Example Cresols Vv MW (MW(BD)

25 Example 1 | 8.4 8310 20835

26 Example 3 | 7.3 3616 42025
Examples 27 to 32

Into a 2000 gal. stainless steel lined reaction kettle, having a pressure rating
of 300 psig and a 3 inch 115 psig rupture disk were added: 61.3 Ibs, of unpurified
oxalic acid as a powder and 5 gal. of DI water, through a poft with a ball valve.
6131 lbs. of a mixture of 46.2 percent m-cresol, 40.5 percent p-cresol, 5.6 percent
2, 5-xylenol and 6.8 percent of 2, 4-xylenol (having a very low metals content and
less than 10 ppm Lewis base) were added.

The reaction kettle agitator was set at about 100 rpm and the temperature
was maintained at 92-96°C. Over a 3 hours period, 3211 Ibs. of the formaldehyde
solution of Example 5 was added at a mass flow rate of about 18 Ibs/min. The
temperature was then maintained at 92-96°C for 8 hours. 3 Ibs. of 3-Picoline was

' added and atmospheric distillation of the solvent was initiated. The temperature of
the reaction mixture was raised over a period of 6 hours to about 215°C. Samples
at 120°C and 190°C were collected to compare the molecular weight of the resin,
by GPC. Additional heat and vacuum were applied to the reaction kettle until the
temperature reached about 235°C and 20 mm Hg vacuum, which was held for
about 30 minutes. The vacuum was then released and the reaction was complete. A
sample was collected and 7208 1bs. of PGMEA was added into the reaction kettle,
over a period of about 35 minutes. The product was dissolved in the PGMEA and

THIS SHEET HAS BEEN
REPLACED




-10- Table 1: Effect of
3-Plcollne and Oxall Acid on Viscosity and GPC Ml ecul ar V& &t\gﬂh §ﬂ!?f afk
Resin (3-Picoline _ wa's efd“Betores

Condensati on).

2G AUG 1996
.26 -

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

Table 5 below shows the properties of the resins obtained.

Table 5: Examples 27-32 Resins

27 0.730 0.05 230
28 0.730 0.03 18.2
29 0.736 0.03 17.9
30 0.740 0.03 215
31 0.725 0.03 17.5
32 0.725 0.03 17.5

Comparative Example 33 and 34

The procedure of Example 19 was repeated using the same pure cresols and
- formaldehyde but no 3-picoline_ was added. The product was dissolved in abqut
7500 1bs. of PGMEA. Table 6 shows the properties of the product.

—_—
—
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Exanpl e # xalic (% 3-Picoline(%| REPLACEMBNTVSHEET
MN MA( BD) * 3 1.5 _ 0702
0. 08 R T 765415880 - 27~ 10] | 29 AUG 9%
' 11k 8EL960Z 11
1.0 0. 05 17.7
0.5 0. 02 156008 ,,.9207/ 583?
12 1.5 : 20t
15153113701 13 ' 1.0 0. 05
17.3 11196/ 9839 4
0. 07 18 4 Table 6: liefé%g/béygfd in the IQR“MV}(/Q‘ 0| :clis Vi scosity;

MV - nol ecul ar
of

resin sanpl ¢

wei ght

bef ore €rasols| | ati on MW/MW(BD)

1011/20420

Substantially Lewis Base
Free/Metal Ion Free

14.6

Substantially Lewis Base | 13.1

Free/Mctal_ Ion Free

8430/16664

Example 35

A Photoresist solution was prepared as follows: Into 73.88 grams of
PGMEA, 19.58 grams of the novolak resin from Example 13 was added. A
mixture of photosensitizers was added as follows: 3.26 grams of 2,1,5-
diazonaphthoquinone sulphonic acid ester (40% to 80% esterification) of 2,3,4,4'-
tetrahydroxybenzophenone, 2.61 grams of the 2,1,5- diazonaphthoquinone
sulphonic acid ester (40% to 80% esterification) of 2;3,4—u'i11ydroxybenzophenonc
and 0.651 grams of the 2,1,5-diazonaphthoquinone sulphonic acid ester (82% to
91% esterification) of 2,3,4-trihydroxybenzophenone. The photosensitizers and
0.020 grams of FC-430 surfactant (fluoroaliphatic polymeric ester available from
3M Corp.) were dissolved and filtered through a membrane filter (0.2 um in pore

size). The photoresist solutions were spin coated, using standard techniques, onto

quartz plates at a constant speed to obtain a layér of photoresist having an initial

thickness of 1.5 um. The plates were baked in a circulating air oven at 90°C for

30 minutes. _

This photoresist was compared with a control photoresist (AZ 6212,
available from the Electronic Products Division of Hoechst Celanese Corp.) for
photospeed, contrast, dark film loss, thermal stability and aging. The photospeed
was 2.6% faster; contrast - no difference; dark film loss was 4% faster; thermal
stability - no difference; aging (5 days at 50°C) - no difference.

oS SHEET HAS BEEN |
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Exanpl es 15 to 23 The procedure of exanple 8 was repeated using _
differnt anounts of 3-picoline (added after condensation)--ane- ex-m—he—aeq-q

to nmake the novol ak resins of exanples 15 to 23, shown i n:TabHaiENToSHERT.
Table 2: The Effect of Various Anount of 3-Plcoilne orf iSCOSITY, '
Mol ecul ar Wi ght (3-Plcoline I's Added Aftersg 29 AUS 1996
Condensat | on): Exanpl e # C%(al I c(% % Bi gg?l ne(l%
V.V MN MN( BD) L

This Sheet Has Been R
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1. A method for producing a water insoluble, aqueous alkali soluble novolak
resin comprising: '

a) washing an acidic ion exchange resin with water, washing the ion
exchange resin with a mineral acid solution and thereby reducing the
sodium and iron ions in the ion exchange resin to less than 500 ppb
each;

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

c) passing one or more phenolic compounds through the ion exchange
resin and thereby reducing the sodium and iron ion content to less
than 200 ppb each; or '
distilling one or more phenolic compounds and thereby reducing the
sodium and iron ion content of less than 200 ppb each; or
extracting metal ions with mineral acid solution from one or more
phenolic compounds and thereby reducing the sodium and iron ion
content of less than 200 ppb each; and

d) adjusting the Lewis base concentration before condensation to a level
of from about 10 to 1000 ppm condensing the formaldehyde with the
one or more phenolic compounds, in the presence of a catalyst, and
thereby producing a water insoluble, aqueous alkali soluble no_volak
resin having a desired and substantially consistent molecular weight
and a sodium and iron ion level of less than 500 ppb each.

2.  The method of claim 1 wherein the Lewis base concentration is adjusted
only after condensation.

3. The method of claim 1 wherein the caulyu is an acid catalyst.

R i




15

15042/ 11443
17.1

0. 05

0.02

0.08

1.0

1.0

1.0

and 24

1.5

16

8794/ 8121
18. 7
16. 4
20.1

0. 05

0. 07

0. 05

0.02 18. 8

T 1 | REPLACEMENT SHEET
15675/ 15770 18 . 0.5
8374/ 7255 _ 59 . 19 29 AUG 196 1| 5
17200/ 17121 20
18. 9 16790/ L 5%5¢ —21
20. 9 15733/ 15528
20.6 14695/ I3706 Exanpl es 23

4.  The method of claim 1 wherein the Lewis base is a hydroxide of an organic

- counterion.

5.  The method of claim 4 wherein the Lewis basc'i;s an ammonium hydroxide.

6.  The method of claim | wherein the Lewis base is an organic base, added

either: 1) neat as a solid or liquid, or 2) as a salt or a solution in water, a suitable

organic solvent or a mixture of an organic solvent and water; wherein the Lewis

base is an organic compound having one of the following formulas:

This Sheet Has Been Replaced

I

m

Ry R, I
Aol o
Rl \R’ RI 4 Rl X 3

Formmuls 2 Formuls 3 Formula 4

where X = N or CR,, provided that there is at least one basic center in the
molecule if X = CR, and where in Formula 2, X can be P; where R, to R, may be

any of the following:

1) hydrogen, C,-C,, alkyl (both straight-chain and branched) where the
alkyl chains may be heteroatom substituted;

2) C;-Co cycloaklyl;

3) hydroxy;

4)  C,-C, alkyloxy, C,-C,, cyclolkyloxy and C,-C,, aryloxy;

5) C,-C,, carboxylic acid or ester -COOR and keto-subsitutent -C(=O)R,
where R is H, C,-C,, alkyl or C,-C,, aryl;

6) halogen or nitro;

" 7)  amino, C,-C,, alkyl- or dialkylamino;
8)  C,-C,, cycloaklylamino and dicycloalkylamino; and

Wy EE




The procedure of exanple 8 was repeated addi ng pi peridine and pyridi ne

(before condensation), respectively instead of 3-picoliTge, ~ta: WE’W
novol ak resins of exanples 23 to 26, as shown in Tablg g

Tabl e 3:
Condensat i on
MN M\ BD)
9932/ 9838
14133/ 13651

pleft il

Gt her Lewi s Based Added Before
Exampl e # Basé 290A06 199 V
23 Piperidigqe}y 0.05% 16

24 -30- Pyridi je —o-p59t—20—0

9) C,-C,, cycloalkyl where at least two of the substitutents R, to R, are
part of a cyclic or polycyclic ring system. .

7.  The method of claim 1 where in the Lewis base is a tetra substituted
ammonium hydroxide of an organic counterion having the formula:

| 1|3 ®
A—-N—C

Formula 1

whers the sibaticnics A, B, C wad D may b \|II|II\ \\Il\l III|\ \|I|| I \II\

1) C-Cyo alkyl;

2) C,-C,, cycloalkyl;

3) Cs-C,, aryl or alkylaryl (C -C,, alkyl, C.-C,, aryl) substituents;

4)  C,C,, alkyloxy or C,-C,, cycloalkyloxy;

3) C¢-C,; aryloxy; |

6) C,-C,, alkyl or C,-C,, aryl carboxylic acid or ester -COOR and keto-
substituents -C(=O)R, where R is H, C,-C,, alkyl or C¢-C,, aryl;

7)  amino, C,-C; alkyl- and dialkylamino;

8)  C;-Cy, cycloaklylamino and dicycloaklylamino;

9)  C;-C,, cycloalkyl where at least two of the substitutents A to D are
part of a C;-C,, cyclic or polycyclic ring system.

8. A method for producing a positive photoresist composition comprising:
a)  washing an acidic jon 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 cach;

This Sheet Has Been Replaced
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Conpar ati ve Exanples 25 and 26 The procedure of exanple 8 was repeated
to make novol ak resins identical to the resins of exa [ﬁEPLf‘\éEﬁIWTlS\“EET

26 AUG 1996

This Sheet Has Been Replaced

A

b) passing a water/formaldehyde solution through the ion exchange resin

-31-

and thereby reducing the metal ion level of the solution to less than
500 ppb each;

<) providing one or more phenolic compounds having a metal ion
content of less tﬁan 200 ppb ecach;

d) adjusting the Lewis base concentration before condensation to a level
of from about 10 to 1000 ppm, condensing the formaldehyde with
said one or more phenolic compounds, in the prcseﬁce of a catalyst,
and thereby producing a water insoluble, aqueous alkali soluble
novolak resin having a desirable and consistent molecular weight, a
metal ion level of less than 500 ppb ecach;

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 and 3) a suitable

~ solvent.

9.  The method of claim 8 wherein the Lewis base concentration is adjusted
after condensation.

10. The method of claim 8 wherein the catalyst is an acid catalyst.

11. The method of claim 8 wherein the Lewis base is a hydroxide of an organic
A counterion.

12. The method of claim 11 wherein the Lewis base is an ammonium hydroxide.
13. The method of claim 8 wherein the Lewis base is an organic base added to

the reaction mixture either: 1) -neat as a solid or liquid, or 2) as a salt or a

solution in water or a suitable organic solvent or a mixture of an organic solvent

) O | | T e
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- 11-

show that the resins obtained are depol yneri zed, as shown.in-Tab

LIE No Lewi s base was added, to

Tabl e 4: Partial Depol ynerl zatiom REPIMEEMENK SHEETN
Absence of Lew s Base Exanpl e €resofs
V.V M/ ( MA( BD) 45 a
1 8.4 8310 20835 1 29 AUG 1996

and water and wherein the Lewis base is an organic compound having one of the

following formulas:

X R,

I R, O .
R Ry R X R
Fa:nnh2_ Formula 3 Formmla 4

where X = N or CR,, provided that there is at least one basic center in the
molecule if X = CR; and where in Formula 2, X can be P; where R, to R¢ may be
any of the fo]lowing: ‘ e e

1) hydrogen, C,-C,, alkyl; This Sheet Has Been Rep
D Crcaonets T
3)  hydroxy;

4)  C;-C,, alkyloxy, C;-C,, cyclolkyloxy and CG-C,Z aryloxy;

5) C,-C,o alkyl or C,-C,; aryl carboxylic acid or ester -COOR and keto-
subsitutent -C(=O)R, where R is H, C,-Cy alkyl or C¢-C,, aryl;

6) halogen or nitro; |

7) amino, C,-C,, alkyl- or dialkylamino;

8) C,-C,, cycloaklylamino and dicycloalkylamino; and

9)  C;C,, cycloalkyl where at least two of the substitutents R, to R, are

part of a cyclic or polycyclic ring system.

14. The method of claim 8 where in the Lewis base is a tetra substituted
ammonium hydroxide of an organic counterion having the formula:

OW.
In

A OO VI THS SRS BAS BFEN
* [ L M S * .

REPLACED




26 Exanpl e 3 7.3 3616 42025 Exanples 27 to 32

Into a 7.5701 (2000 gal.) stainless steel |lined reaction kettle—haviing a.._

pressure rating of 206 Ncn2 (300 psig) and a 7.62 cm 79. 3
115 psig) rupture disk were added: 27.8 kg (61.3 |bs.) of
acid as a powder and 5 gal. of D1 water, through a port w
2.780 kg (6131 I bs.) of a mxture of 46.2 percent m cresp
p-cresol, 5.6 percent 2, 5-xylenol and 6.8-f38rcent of 2, §
a very low netals content and | ess than 10 ppm Lew s base

The reaction kettle agitator was set at about 100 rpm and THetenperattte—

was mai ntained at 92-[err]C. Over a 3

A—-N—C

Formmla 1

This

where the substitutents 'A, B, C and D may be:
1) Cy-Cyo alkyl;
2) C;-C,, cycloalkyl;
3) Cs-C, aryl or alkylaryl (C,-C,, alkyl, C(-C,, ary
4) C,-C,, alkyloxy or C,-C,, cycloalkyloxy;
5) C¢-C, aryloxy;

I

Rfmsmm BHEET |

|| R M

wer e added.

Sheet Has Been Replac
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1) substituents;

6) C,-C,, alkyl or C(-C,, aryl carboxylic acid or ester -COOR and keto-
- substituents -C(=O)R, where R is H, C,-C,, alkyl or C,-C,, aryl;

) amino, C,-C; alkyl- and dialkylamino;
8) C;-C,o cycloaklylamino and dicycloaklylamino;

9) C,-C,o cycloalkyl where at least two of the substitutents A to D are
part of a C;-C,, cyclic or polycyclic ring system.

15. The method of claim 8 or 9 wherein the solvent is selected from the group
consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-

cthoxypropionate.

- 16. 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 w'fater, washing the ion
exchange resin with a mineral acid solution and thereby reducing the

metal ions in the ion exchange resin to less than

* [+ L M s *

500 ppb each;
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hours period, 1,466 kg (3211 |Ibs.) of the fornal dehyde sol ution of Exanple
5 was addeﬂ_aLa_ma_ss_f_LmN rate of about 8.16 kg/mn (18-t bs/rm~rr{l ““I“rg%'_
temperature was then maintained at 92-96C for 8 hours. | 1REBLAGNEN ¥ paft

3- Pi col Thleshnetéiaaﬂmaechﬂ at nospheric distillation of the SOI vent was
|n|t|ate ure of the reactign mxture vas {rgi seg aMg' pe'riod
of 6 hour [err] C. Sanples aB4120C and 190[er were coll gctled
to conpare t e m) ecu ar weight of the resin, by GPC. Additi-efat—feat=—dncC
vacuum were applied to the reaction kettle until the t rrperature reached

about 235[err]C and 20 nm Hg vacuum whi ch was hel d for=abour—30 ™ nut es.
The vacuum was then rel eased and the reaction was conplete. A sanple was

col l ected and 3, aﬂgﬁ%g’
kettle, over a pgfl odgaé %outal?egg&rﬁﬂ;n%t S. e produ d\?\l/%go%gggso gg#sg{r} t he
PGVEA and the resulti agdsltdrehy reducingnthe adesdd iordével wiishpesiaton tdtessighana 0. 4

m cron Cuno cartri dge filter. The resulting solution of 40 percent novol ak
i n PGVEA cont ai ned 64 B%IPP d\'ﬁf"}bm ions, 28 ppb potassiumions, 47 ppb iron

lons, 43 ppb chrgm u”bi'@ﬁ&ngdbﬁc%?%&%l fieH8tid Qgﬁpm&%vﬂpéja metal ion

content of less than 200 ppb each;

d) adjusting the Lewis base concentration before condensation to a level
of from about 10 to 1000 ppm, condensing the formaldehyde with the
one or more phenolic compounds, in the presence of a catalyst, and
thereby producing a water insoluble, aqueous alkali soluble novolak
resin having a metal ion level of less than 500 ppb each;

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 and 3) a suitable
solvent and thereby producing a positive working photoresist
composition;

f) coating a suitable substrate with the photoresist composition;

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

h) image-wise exposing the photoresist composition; and

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

17. The method of claim 16 wherein the Lewis base concentration is adjusted
after condensation. |

18. The method of claim 16 wherein the catalyst is an acid catalyst.

19.  The method of claim 16 wherein the Lewis base is a hydroxide of an organic

counterion. -
* [ L M S *
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al um num i ons. Tabl e 5 bel ow shows the properties of the resins

obt ai ned. Tab
Exanpl es 27-32 Resins Exanpl e# For:rnﬁme 3
3-Picoline % Void Viscosity

0.730 0. 05 23.0

0.730 . 0.03 18. 2 - i 9 AUG 1%
0.730 - 0.03 17.9 -35-

0.740 0. 03 21.5

20. The method of claim 19 wherein the Lewis base is an ammonium hydroxide.

21.  The method of claim 16 wherein the solvent is selected from the group
consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-

ethoxypropionate.

AT
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31
32
and 34

cresol s and fornal dehyde but no 3-picoline was added.
di ssolved in about 3,401 kg (7500 | bs. 3eof- PGQVEA. Tab
properties of the product.

Tabl e 6:
Lewi s Base

0.725 0.03 17.5 L : :
0. 725 0. 03 | 17.5  ConpaRERUAGEMENT SHEST

The procedure of Exanple 19 was repeated

Resin Cbtained In the Absence ofs

METAL ION REDUCTION IN THE RAW MATERIALS AND USING A LEWIS BASE
TO CONTROL MOLECULAR WEIGHT OF NOVOLAK RESIN.

Abstract of the Invention

The present invention provides methods for producing water insoluble,
aqueous alkali soluble novolak resins having a very low level of metal ions and a
substantially consistent molecular weight. A method is also provided for
producing photoresist composition from such novolak resins and for producing

semiconductor devices using such photoresist compositions.
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1. (AMENDED) A method for procuding a water insoluble, aqueous alkali soluble

novolak resin having reduced depolymerization comprisihg:

a) washing an acidic ion exchange resin with water, washing the ion exchange resin
with a mineral acid solution and thereby reducing the sodium and ironions in the
ion exchange resin to less than 500 ppb each;

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

c) passing one or more phenolic compounds through the ion exchange resin and
thereby reducing the sodium and iron ion content to less than 200 ppb each; or
distilling one or more phenolic compounds and thereby reducing the sodium and
iron ion content of less than 200 ppb each; or
extracting metal ions with mineral acid solution from one or more phenolic
compounds and thereby reduéing the sodium and iron ion content of less than 200
ppb each; and

d) adjusting the [Lewis base] concentration of Lewis base [befbre condensation] to

level of from [about] 10 to 1000 ppm, by either: 1) adjusting the concentration of

Lewis base before condensation, 2) adjusting the concentration of Lewis base after

the condensation or 3) adjusting the concentration of Lewis base _both before and

after condensation or 4) adjusting the concentration of Lewis base in the raw

materials by adding or removing a Lewis base. where the Lewis base is an

ammonium hydroxide or an organic compound having one of the followin

formulas:
_ R,
T RZIE[Q )
R Ry R X~ Ry R” X Rs

Formula 2, Formula 3, . Formula 4
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- 12- Exarrpl e 35 A Photoresisl. solution was prepared as foll ows:

73.88 grans of PGV
added. A m xture of
2,1, 5-dl azonapht ho-
esterification) of §2,13, 4;
2,1,5- diazonapht hqqui ,
of 2,3, 4-trihydroxybenzophenone and

qne, sulphorfi d acid ester 9
Mﬁuﬁe hyddoxybenzophendhed SHEET HASABE BBEP] the
ic Jagid ester (40% tREMQYEpsterificat

where X =N or CRy, provided that there is at least one basic center in the
molecule if X = CR¢ and where in Formula 2. X can be P; where R; to R¢ may be
any of the following: _
1) hydrogen, C;-C;q alkyl:
2 C3-C1o cycloaklyl:
3) hydroxy;
C1=Cyo alkyloxy, C-Cyo cyclolicyloxy and Cs-Cyz arylo
S Ci-Cio alkyl or C¢-C5 aryl qarbd lic acid or ester -COOR and keto-

subsitutent -C(=0O)R. where R is H, C;-C,o alkyl or C4-C, aryl;
6) halogen or nitro; '

7 amino, C,-C;q alkyl- or dialkylamino:

8) Cs-C;0 cycloaklylamino and dicycloalkylamino; and

9) C;-Cyo cvcloalkyl where at least two of the substitutents R; to Ry are part

of a cyclic or polycyclic ring system;
condensing the formaldehyde with the one or more phenolic compounds, in the

presence of [a] an acid catalyst, and thereby producing a water insoluble, aqueous

alkali soluble novolak resin having a [desired and] substantially consistent

molecular weight and a sodium and iron ion level of less than 500 ppb each.

Please cancel present claims 3, 4, 5, 9, 10, 11, 16 and 17.

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

2)

b)

washing an acidic ion exchange resin with water, washing said ion exchange resin
with a mineral acid solution and thereby reducing the metal jons in the ion
exchange resin to less than 500 ppb each;

passing a water/formaldehyde solution through the ion exchange resin and thereby

reducing the metal ion level of the solution to less than 500 ppb each;
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0. 651 granms of the oqui none sul phonic acid ester (82%to
91% esterification) ! oxy- benzophenone. The_phot.ose i
and 0. 020 grans of HC 430 surfacﬂn (f1uoroal i phati< Heky S SEENt er

avai l abl e from 3M{Cqdr p2% J8% gollved and filte BugdEpa mendr ane
filter (0.2 uminjpgre size). epotore5|st soljuti o = ot oat ed,
usi ng standard teqhrnrgoesT—onto—efiait z5pd ates at a constant speed to obtain
a |l ayer of photordsist having an ingtial thickness of 1.5 [err]m The

pl ates were baked in a circulating air oven at 90[err]C for. 30 m nutes.

Thi's photgresi rﬁﬁ%fn'a haRROL I o(n?% £ h

avai |l abl e froﬁ%ﬂmgloggp?gﬁ?%p@rngmug? S v?s?oﬁgo?{eﬁﬁbéﬁ%t Igalg]césstea%:or p.)
for phot ospee®00gppbteaéigt, dark filml.oss, thernal stability and aging. The
phot ospeed was 2. 6% faster; contrast - no difference; dark filml.oss was 4%

faster; tder nﬂﬁ]ué'cl%ﬂlﬁﬂ-ﬁww base] ¢prgeatratieroot lgyis sasedbeforascondensgienlitp@ - no
difference.  jovel of from [about] 10 to 1000 ppm, by either: 1) adjusting the conentration of

Lewis base before condensation. 2) adjusting the concentration of Lewis base after

the condensation, or 3) adjusting the concentration of Lewis base both before and

after condensation or 4) adjusting the concentration of Lewis base in the raw

materials by adding or removing a Lewis base, where the Lewis base is an

ammonium hydroxide or an organic compound having one of the followin

formulas:

R3
o ulipes
R’ Rs R R4 Ry Rs

Formula 2, Formula 3, Formula 4

where X =N or CR¢, provided that there is at least one basic center in the

molecule if X = CR; and wheré in Formula 2. X can be P: where R, to Rs may be

any of the following:

1) hydrogen, C,-C;o alkyi;

2 C3-Cio cycloaklyl:

3) hydroxy:

4)  C,-Cjq alkyloky, C;-C o cyclolkyloxy and C4-C), aryloxy;

h C-Cyo alkyl or C4-C;; aryl carboxylic acid or ester -COOR and keto-
subsitutent -C(=O)R_ where R is H, C;-Cyo alkyl or C¢-Cy; aryl;

6) halogen or nitro:

7 amino, C;-C;q alkyl- or dialkylamino:

8 C;-Cio cycloaklylamino and dicycloalkylamino: and

e
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9) C;-Cjs cycloalkyl where at least two of the substitutents R; to Ry are part

of a cyclic or polycyclic ring system;

condensing the formaldehyde with said one or more phenolic compounds, in the

presence of [a] an acid catalyst, and thereby producing a water insoluble, aqueous

alkali soluble novolak resin having a reduced depolymerization [desired and

consistent molecular weight], a metal ion level of less than 500 ppb each;

e) provide 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 and 3) a suitable solvent.

Old claim number 9 is now new claim number 8.
Please cancel claim 10.

Old claim number 11 is now new claim number 9.

O;d claim number 12 is now new claim number 10.
Old claim m;xmber 13 is now new claim number 11.
Old claim number 14 is now new claim number 12.
Old claim number 15 is now new claim number 13.

Old claim number 16 is now new claim number 14.

photoimage on a suitable substrate comprising:

- 14. (AMENDED) A method for producing a semiconductor device by producing a

e ——
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b)

washing an acidic ion exchange resin with water, washing said ion e.échange resin
with a mineral acid solution and thereby reducing the metal ions in the ion-
exchange resin to less than 500 ppb each;

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

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

adjusting the [Lew15 base] concentration of Lewis base [before condensation] to a

level of from [about] 10 to 1000 ppm, by either: 1) adjusting the conentration of

Lewis base before condensation. 2) adjusting the concentration of Lewis base after

the condensation, or 3) adjusting the concentration of Lewis base both before and

after condensation or 4) adjusting the concentration of Lewis base in the raw

materials by adding or removing a Lewis base., where the Lewis base is an

ammonium hvdroxide or an organic compound having one of the followin

formulas:
R3
sy RIXO )
Rl/ \R3 R; R4 R.1 Rs
Formula 2, Formula 3, Formula 4

where X = N or CRe¢, provided that there is at least one basic center in the

and where in Formula 2, X can be P: where R, to R; may be

molecu_le ifX=C

any of the following:
hydrogen, C;-Co alkvi:

2 C3-Cjo cycloaklyl:

- 3) hydroxy: -
4 C-C;p al C;-Cjo cyclolkyloxy and Ce-C); aryloxy:;
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and iron ion | evél R@LMMEWI&HEEM to I ess than 500 ppb each; then either

‘c) passing one o ‘1‘0 ounds through { I f_ sin
and t hereby redugi g e d*#;n and iron C t han
200 ppb each; or él& Jﬁﬂ difsfilling one or npre p Mpﬁncormo nds
and thereby redud the sodium-dnd ired 4 on content of |ess

than 200 ppb eachy or .. fextracting netal ions with mneral acid

solution from one ~e—pirerot T conpounds and thereby re-

ducing the sodigym ang.¢ Qfkyi &nc%g LN ool BiSstid Badier 08 PP 2§ kdlo- aNd

d) adjusting thée concen 1'r) atron CEW S base to lTevel of trom10 to 1000

ppm by either 1) adubstuteng-GE@©)Bowhere R is H, C,-Cpp allvl or C4-C 2 aryl;

6) halogen or nitro;

) __amino, Cy-Cjo alkyl- or dialkylamino;

8 C3-Cyo cycloaklylamino and dicycloalkylamino: and

9 C3=Co cycloalkyl where at least two of the substitutents R, to Ry are part
ofa cvclic or polveyclic ring svstem;

condensing the formaldehyde with said one or more phenolic compounds, in the

presence of [a] an acid catalyst, and thereby producing a water insoluble, aqueous

alkali soluble novolak resin having reduced depolvmerization.a metal ion level of

less than 500 ppb each;

e) provide 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 and 3) a suitable solvent and thereby producing a positive

working photoresist composition;

9} coating a suitable substrate with the photoresist composition;

g) - heat treating the coated substrate with the photoresist composition;

h) image-wise exposing the photoresist composition; and

D removing the image-wise exposed areas of the photoresist composition with a

suitable developer.
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Description

BACKGROUND OF THE INVENTION

The present invantion relates to a process for reducing metals ion in raw matarials such as cresols, formaidehyde,
and oxalic acid and for producing novolak resin of consistent molecular weight having a very low level of metal ions,
sspecially sodium and iron, and for using such novalak resin in light-sensitive compositions. The prasent invention
aiso relates to a process for making light-sensitive compositions useful in positive-working photoresist compositions.
Further, the presant invention raiates to a procass for ccating substrates with these light-sensitive compositions as
well as the process of coating, imaging and developing these light-sensitive mixtures on substrates. '

Photoresist compositions are used in microlithography procasses for making miniaturized electronic components
such as in the fabrication of computer chips and intagrated circuits. Ganerally, 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 subjectad to an image-wise exposure to
radiation.

This radiation exposure causes a chemical transformation in the exposed areas of the coated surface. Visible light,
uitraviolet (UV) light, electron beam and X-ray radiant energy are radiation types commonly used today in microlitho-
graphic processes. After this image-wise exposurs, the coated substrate is treated with a devéloper solution to dissolve
and remove aither the radiation-exposed or the unexpesed areas of the coated surface of the substrate.

Metal contamination has baen a problem for a long time in the fabrication of high density integrated circuits and
computer chips, often leading to increased defects, yield losses, degradation and decreased performance. In plasma
processes, metals such as sodium and iron, when they are present in photoresists, can cause contamination especially
during plasma stripping. Howsver, these problems have been overcome to a substantial extent during the fabrication
process. For exampie, by utilizing HCL gettering of the contaminants during a high temperature anneal cycle.

As semiconductor devices have become mors sophisticated, these preblems 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 probiems has been found to be the metal contamination in the photoresist, particulasly sodium and iron ions.
Metal lavels of lass than 1.0 ppm in the photoresist have been found to adversely affact the properties of such semi-
conductor devices.
" Novolak resins are frequently used a polymeric binder in liquid photorasist formulations. These resins are typically
produced by conducting a condensation reaction between formaidehyde and one or more muilti-substituted phenols,
in the presence of an acid catalyst, such as oxalic acid. In producing sophisticated semiconductor devices, it has
becomae increasingly important to provide novolak resin having a substantially consistent molecular weight and a metal
contamination level well below 1.0 ppm. During raw materials purification to ramove metals a minor amount of Lewis
base is also remnoved. It was surprisingly discovered that when the level of Lewis base is too low the production of
novolak resin failed because of the depolymaerisation of resin at a high temperature distillation step of the process.

There are two types of photoresist compositions, negative-working and positive-working. When negative-working
photorasist compositions 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 photaresist 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 composmons are exposed image-wise to radiation, those
areas of the photoresist composition exposed to the radiation become maore 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 developser causes removal of the exposed areas
of the coating and the creation of a positive image in the photorasist 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-aetchant
solution or plasma gases and the like. The atchant solution or plasma gases etch that portion of the substrate where
the photorasist coating was removed during developmant. The areas of the substrate where the photorasist coating
still remains are protected and, thus, an etched pattern is created in the substrate material which corresponds to the
photomask used for the image-wise exposure of the radiation. Later, the remaining areas of the photoresist coating
may be removed during a stripping operation, leaving a clean etched substrate surface. In soma instances, it is desirable-
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Formul a 2, Formul a 3, Formula 4 _
or CR6 provided that there is at |east one basic center in#t
X = CR6 and where in Formula 2, X can be P; whereg] R
any of the foll ow ng:
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to haat treat the remaining photoresist layer, after the developmant step and bafora the etching step, to increass its
adhesion to the underlying substrate and its resistance to etching solutions.

Positive working photoresist compositions are currantly tavored over negative working rasists becausa tha former
generally have batter resolution capabilities and pattem transter characteristics. Photoraesist resolution is defined as
the smallest feature which the rasist compasition can transfer from the photomask to the substrate with a high degraa
of image edge acuity after exposure and development. In many manutacturing applications today, resist resolution on
the order of lass than one micron are necassary. in addition, it is almost always desirabie that the developed photorasist
wall profiles be near vertical relative to the substrate. Such demarcations hetween developed and undeveloped areas
of the resist coating transiate into accurate pattern transfer of the mask image onto the substrate.

JP-A-4-65415 discloses (cf Exam f novolak rasin for the preparation of photoresist
compositions which differs from the present inventi le] he nature and amount of the Lewis base which is
essential to tha present invention,

The prasent invention relates to a process for producing novolak resins having a substantially consistant molecular
weight and containing very low levels of metal ions, especially scdium and iron. The invention also relates to 3 process
for producing a photoresist containing such novolak resins. The invention further relates to the control of the amount
of Lewis base in a process of producing such novolak resins having a substantially consistent molecular weight. The
invention further relates to a process for producing semiconducior devices using such photoresists containing these
novolak resin and photosensitizer.

The process of the subject invention provides a water insoluble, aqueous alkali soluble riovolak resin obtained by
condensing with formaidehyde one or more phenolic compounds, such as meta-cresol, para-cresol, 3,5-dimethyiphenol
or 2,4-dimethyiphenol.

The novolak resins obtained have very low levels of metal ions such as iron, scdium, potassium, calcium, mag-
nesium, 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 lavel of other metal ions. The level af sodium and iron 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 preferabiy less than 10 ppb and 10 ppb.

Water insoluble, aqueous alkali soluble novolak resin having a very low levels of metal ions may be cbtained by
condensing formaldehyde having a very low level of metal ions with cne or more phenalic compounds,such as m-
cresol, p-crasol, 2,4 and 2,5 -dimethyiphenol having a very low level of metal ions.The condensation reaction is pref-
grably carried out in the presence of a catalyst, such as oxalic acid. In a preferred emboediment of the process of the
present invention, the oxalic acid also has a very low level of metal ions.

In the process of the present invention it is necessary to adjust the amount of Lewis base present befora or after
the condensation, to stabilize the molecular weight.

DETAILED DESCRIPTION OF THE PREFERARED EMBODIMENT

The present invention provides a process for producing novolak resin having a substantially consistent molecular
waight and containing a very low level of metal ions, particularly sodium and iron, The subject process utilizes an acidic
ion exchange resin to purify the formaldehyde and, in a preferred embodiment, uses the same type of ion exchange
rasin to purify the catalyst, e.g. oxalic acid. In a preferred smbodiment, the process uses the same type of ion exchange
resin to purify the cresol raw materials, e.g. methylphenol, dimethyiphenol, or mixtures of them. The subject process
comprises:

a) treating an acidic ion exchange resin with water, preferably deionized water, foilowed by a mineral acid solution
(e.g. a 5-98% solution of sulfuric, nitric or hydrochioric acid) to reduce the level of sodium and iron ions in the ion
exchange resin to less than 500 ppb each, 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 level of sodium and
iron ions in the solution to less than 500 ppb each, preferably less than 375 ppb, more preferably less than 250
ppb, even more preferably less than 100 ppb and most preferably less than 40 ppb;

¢) producing one or more phenolic compounds having a level of sodium and iron ion content of less than 400 ppb
each, preferably less than 200 ppb, more prefarably less than 50 ppb and most preferably less than 30 ppb;

d) condensing the formaidehyde with one or more of the phenolic compounds, preferably in the presence of a
catalyst, preferably an acid catalyst, more preferably oxalic acid, adjusting the Lewis base concentration before
and/or after the condensation to at level of from about 10 to about 1000 ppm, preferably 20 to 500 ppm, most
preferably 30 to 300 ppm, and distilling off unreactad raw materials, thereby producing a water insoluble, aqueous
alkali soluble novolak resin having a desired and substantially consistent molecular weight and a sodium and iron
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The present invention further provides a process for producing a positive photoresist compasition having a very
low level of total sedium and iron ions. The subject process comprises:

a) treating an acidic ion exchanga rasin with water, preferably deionized water, followad by a mineral acid solution
(e.g. suifuric, nitric or hydrochloric acid) to reduca tha tevel of sodium and iron ions in the ion exchange resin to
less than 500 ppb each, preferably less than 100 ppb, more preferably 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 sodium and iran icn
lavel to less than 500 ppb each, preferably less than 375 ppb, more preferably less than 250 ppb, even more
preferably less than 100 ppb and most proferably less than 40 ppb;

¢) preducing one or more phenolic compounds having the level of a sodium and iron ion content of less than 400
ppb aach, preferably less than 200 ppb, more praterably less than 50 ppb and most preferabiy less than 30 ppb;
d) condensing the formaldehyde with one or mora of the phenalic compounds, in thé presence of a catalyst, pref-
erably an acid catalyst, more preferably oxalic acid, adjusting the Lewis base concentration before and/or after
the condensation to a level of from about 10 to about 1000 ppm, preferably 20 to 500 ppm, most preferably 30 to
300 ppm, and distilling off unreacted raw matarials, thereby producing a water insoluble, aqueous alkali soluble
novolak resin having a desired and substantially consistent molecular weight and a sodium and iron ion level of
less than 500 ppb each, preferably less than 375 ppb, more preferably less than 250 ppb, even more preferably
less than 100 ppb and most preferably less than 40 ppb;

8) providing an admixture of: 1) a photosensitive component in an amount sufficient to photosensitize the photore-
sist compoasition; 2) the water insoluble, aqueous alkali solubie novolak resin having a low level of total sodium
and iron ions, and a dersired and substantially consistent molecular weight, 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. sulfuric, nitric or hydrochieric acid) to reduce the sadium and iron ions in the ion exchange resin to less than
500 ppb each, preferably less than 100 ppb, more preferably less than 50 ppb and most preferably no more than
20 ppby;

b) passing a waterformalidehyde solution through the ion exchange resin and reducing the sodium and iron ion
level to less than 500 ppb each, preferably less than 375 ppb, more preferably less than 250 ppb, even more
preferably less than 100 ppb and most preferably less than 40 ppb;

¢) preducing one or more phenolic compounds and reducing the level of a sodium and iron ions to less than 400
ppb each, preferably less than 200 ppb, more preferabty less than SO ppb and most preferably less than 30 ppb;
d) condensing the formaldehyds with one or more of the phenolic compounds in the presence of a catalyst, pref-
erably an acid catalyst, more preferably oxalic acid, adjusting the Lewis base concentration before and/or after
the condensation to a level of from about 10 to about 1000 ppm, preferably from about 20 to 500 ppm, most
preferably from about 30 to 300 ppm, and distilling off unreacted raw materials, theraby producing a water insoiuble,
aqueous alkali soluble novolak resin having a desired and substantially consistent molecular weight and a sodium
and iron ion level of less than 500 ppb each, preferably less than 375 ppb, more preferably less than 250 ppb,
aven more preferably less than 100 ppb and most preferably less than 40 ppb. '

e) providing an admixture of: 1) a photosensitive component in an amount sufficient to photosensitize the photore-
sist composition; 2) the water insoluble, aquecus alkali soluble novolak resin having a desired and substantially
consistent molecular weight and a low lavel 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 de-
veloper, such as an aqueous alkaline developer. Optionally one may perform a baking of the substrate either
immaediately before or after the removing step.

It has been surprisingly found that a novolak resin containing very low levels of metal ion contamination as well
as desired molecular weight cannot be obtained by condensing formaldehyde with one or more phenolic compounds,
in the presence of catalyst, unless one either: 1) adjusts the concsntration of Lawis base befora condensation, 2)
adjusts the concentration of Lewis base after the condensation or 3) adjusts the concentration of Lawis base both
before and after condensation or 4) adjusts the concentration of Lewis base in the raw matsrials, such as cresols, by
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An acidic ion exchange rssin, such as a styrene/divinylbenzene cation exchange resin is utilized in the present
process. Such ion exchange resins are availabla 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 deionized water, treated again with the mineral acid
solution and once more rinsed with deionized water.

The formaidehyde is preferably passed through a column containing the ion exchange resin as a solution, 8.g. a
solution of about 38 parcent formaldehyde in water and methanol Such solutions typically contain 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 phenoclic compounds condensed with the purified formaldehyde must also have a low level of metal ions. Such
low levels may be achieved by distilling such phenclic compounds so that the total sodium and iron ion content is as
low as 50 ppb or less. Such low leveis may also be obtained by passing through the contamination free ion exchange
resin column so that the total sodium and iron ion content is as low as 30 ppb or less. Another method to obtain such
low levels is by solvent extraction. Phenolic compounds can be extracted with 10% acid solution in water to remove
metais to a level as low as 30 ppb or less each.

It was surprisingly discovered that during the purification process of phenclic compounds by ion exchange, distil-
lation, and/or soivent extraction process to remove metal ions, a minor amount of Lewis base was also removed. Due
to the absence or too {ow a concentration of the Lewis base, the novolak resin was partially depolymerized during the
manufacturing process. The physical properties of the depolymerized resin change due to degradation and it is in an
undesirable way for photorasist compositions. This problem can be substantially avoided by adjusting the amount of
Lewis base before and/or after the condensation step of novoiak manufacturing process. The Lewis bases can be
present in the range of from about 10-1000 ppm, preferably from about 20 to 500 ppm, most preferably from about 30
to 300 ppm. The Lewis bases used arg hydroxides of organic counterions such as tetra-substituted ammonium hy-
droxide (Formula 1), or other organic bases (Formulas 2 to 4), added to the reaction mixture either neat a- a solid or
liquid or used either as a salt or a soiution either in water or a suitable organic soivent, or a mixture of an organic
solvent and water.

ml

where the substituents A, B, C and D may be C4-C,, alkyl or alkeny! (both straight-chain and branched), particutarly
preferred are C,-C, alkyl, the alkyl chains may optionally be hetercatom substituted, with one or more of N or O; C,-
C, o cycloalkyl, preferably 5-8, with optional heteroatom substitution, with one or more of N or O; Cg-C,, aryl or alkylaryl
{ C1-Cyq alkyl, Cq-C, aryl) substituents; C,-C,q alkyloxy or C4-C,q cycloalkyloxy, Cg-Cyz aryloxy; C,-Cqq alkyl or Cg-
Cq2 aryl carboxylic acid or ester -COOR and keto-substitutents -C(=0)R, where R is H, C,-Cq alkyl or C¢-Cy5 aryl, in
particular methyt as alkyl, and including heteroatom-substituted Cg-C,, aryl residues, substituted with ane or more of
N or Q, in particular aza and oxa-substitution; amino, C4-C,4 alkyl- and dialkylamino, preferably C, to Cgs alkyl, most
preferably C, 1o C,; C5-C,yq cycloalkylamino and dicycloalkylamino, preferably Cg-Cg cycloalkyl, C;-C,q cycloalkyl
whare two or more of the substituents A to D are part of a cyclic or polycylic ring system which optionally may be
heteroatom substituted with one or more of N or O. Most preferred is tetramethytammonium hydroxide as an aqueous
solution.
Other Lewis bases are shown in formulas 2 to 4:

c
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R/
! R; X s
Formmla2 - Formula 3 Foomula 4

~where X = N or CRg, provided that there is at least one basic canter in the molecule if X = CRg and whera in formuia

2 X can be P; where R, to Rg may be any of the following: hydrogen, C,-C;q alkyl (both straight-chain and branched),
preferably C,-Cg alkyl, most preferred C,-C, alkyl, and whera the alkyl chains may optionglly be heteroatom substituted
with one or more of N or O; C4-C, 4 cycloalkyl, preferably Cg-Cg, with optional heteroatom.substitution with one or more
of N or O, where in the case of aza-cycloalkyl substituents, attachment to the aryl ring is preferably affected via the
aza site; hydroxy, C,-C alkyloxy or C4-C; 4 cycloalkyloxy, Cg-Cya aryloxy; C4-C,q alkyl or C3-C,, aryl carboxylic acid
or ester -COOR and keto-subsitutent -C(=0)R, where R is H, C,-C;q alkyl or Cg-Cy5 aryl, in particular methyl as alkyt,
and including hetercatom-substituted Cg-C,, aryl residues substituted with one or mare of N or O, in particular aza
and oxa-substitution; halogen or nitro; amino, C,-C, alkyl- and dialkylamino, preferably C to Cg alkyl, most preferably
C, to Cy; C4-C,q cycloalkylamino and dicycloalkylamino, preferentially Cs-Cg cycloalkyl; C4-Cyq cycloalkyl where two
or more of the substituents R, to Rg are part of a cyclic or polycylic ring system which optionally may be hetercatom
substituted with one or more of N or O, wherein adjacent R group can part of a Cs-C, 5 cyclic group, preferably Cg-C-.

The consistency of the molecular weight is determined by measuring the Veid Viscosity ("V.V*), the GPC Molecuiar
Woight of the final novolak resin and the GPC Molecular Weight of the novolak resin befors distillation. A novolak resin
having a desired and consistent molecular weight produced according to the process of the present invention will have
a V.V from mora than 10.0 to less than 40.0, prefarably from about 12 to about 32.0, mare preferably from about 14.0
to about 24.0, most preferably from about 16.0 to about 22.0 and a ratio of final molecular weight (*MW") to molecular
weight before distillation ["MW(BD)"] {Ratio = MW/MW(B0)] from about greater than 0.6 to less than about 1.7, pref-
erably from about 0.7 to about 1.5, more preferably from about 0.8 to about 1.3, most preferably from about 0.9 to
about 1.1.

Void Viscosity and GPC Molecular Weight are measured using the following procedures:

Void Viscosity Procedure:

Make a 26% solution of the resin (6.50 grams of resin in 100 mi jar equipped with magnetic stir bar and cap) add
up 10 25.00 grams of AZ Thinner Solvent. Filter the solution through a 5 micron membrane syringefilter. Fill viscometers
(size #200) in the inverse position o the sacond line. Place the viscometer in viscosity bath at 25°C (constant temper-
ature) for 15-20 minutes. Take flow time of rasin solution (seconds) and rapeat till two consistant readings are obtained.
Caiculation: Void Viscosity = flow time (in seconds) x constant in centistokes per second at 25°C.

Molecular Weight {MW):

The molecular weight of the polymers, whether weight average molecular weight MW, or number average molecular
weight MN, were measured by gel permeation chromatography (GPC) performed on dilute solutions of the polymer in
tetrahydrofuran (THF). The actual apparatus employed consisted of a Waters (Millipore Corporation) programmable
automatic sampler, vacuum pump, chromatography columns with heater, and a differential refractometer connectad
to a Shimadzu CR 30A data reduction system with accompanying sotfware (version 1.1, Shimadzu part no. TN
22301309-81). The refractormeter used was a Waters model 410 and four chromatography columns, 50 nm {500
Angstrom), 100 nm (1000 Angstroem), 1,000 nm (10,000 Angstrom) and 10,000 nrn (100,000 Angstrom) (available from
Waters) were connected in series. The system was calibrated using muttiple available polystyrene standards ranging
in molecular weight as follows:
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Formula 1

GPC CALIBRATION

Calibration Standard (Polystyrene) | Molecular Waight

1 470,000

2 170,000

3 68,000

4 34,500

5 8,200

6 3,200

7 1,250

The standards are essentially monodisperse, consisting substantially of a single molacular weight. With the system
thus claibrated the weight average molecular weight MW, was obtained for polymers preduced in accordance with the
examples given hereinafter.

In a particularly preferred embodiment of this invention the acid catalyst, e.g. maleic anhydride or oxalic acid, is
also passed in solution (e.g. in water) through 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 ion
exchange resin, metal levels are reduced to as low as 10 ppb or less in a 10 percent solution of oxalic acid in deionized
water. Even though only about 1 percent of oxalic acid is typically utilized as a cataiytic amount in the preferred em-
bodiment of the present process, its contribution of the metal ion concentration could be high.

The present invention relates to a process for producing a novolak resin, a process for producing a photoresist
compasition containing such a novolak resin and a process for producing semiconductor devices using such a pho-
toresist composition. The photoresist composition is formed by providing an admixure of a photosensitizer, the subject
water insoluble, aqueous alkali soluble novolak resin and a suitable solvent. Suitable solvents for such photoresists
and for novolak resins may include propylene giycol monc-alkyl ether, propylene glycol alky! (e.g. methyl) ether acetate,
ethyl-3-ethaxypropionate, ethyl lactate, mixtures of ethyi-3-ethoxypropionate and ethyl lactate, buty! acetate, xylene,
diglyme, ethylene glycol monoethy! ether acetats. The preferred solvents are propylene glycol methyi ether acetate
(PGMEA) and ethyl-3-ethoxypropionate (EEP).

Other optional ingredients such as colorants, dyes, anti-striation agents, leveiing agents, plasticizers, adhesion
promoters, speed enhancers, solvents and such surfactants as non-ionic surfactants may be added to the sciution of
novolak resin, sensitizer and soivent before the photoresist compesition is coated onto a substrate. Examples of dye
additives that may be used together with the photoresist compositions of the present invention inciude Moethyl Violet
28 (C.I. No. 42535), Crystal Violet (C.1. 42555). Malachite Green (C.I. No. 42000}, Victoria Blue B (C.I. No. 44045) and
Neutral Red (C.l. No. 50040) at one to ten percent weight leveis, based on the combined weight of novolak and sen-
sitizer. 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; acstal resins; phenoxy resins; and alky! resins, at about one toten percent
weight levels, based on the combined weight of novolak and sensitizer. The plasticizer additives improve the coating
properties of the material and enable the application of a film that is smooth and of uniform thickness to the substrate.

Adhesion promoters which may be used include, for example, beta(3,4-epoxy-cyclohexyl)-ethylitrimethoxysilane;
p-methyl-disilane-methyl methacrylate; vinyitrichlorosilane; and gamma-amino-propy! triethoxysilane up lo about a 4
percent weight level, based on the combined weight of novolak and sensitizer. Development speed enhancers that
may be used inciude, for axample, picric acid, nicetinic acid or nitrocinnamic acid up to about a 20 percent weight level,
based on the combined weight of novolak and sensitizer. These enhancers tend to increase the solubility of the pho-
toresist 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 photorasist coating will be dissolved more quickly by the developer, the speed enhances will also
cause a larger loss of photaresist coating from the unexposed areas.

The solvents may be present in the overall compoasition in an amount of up to 95% by waeight of the solids in the
compesition. Soivents, of course are substantially removed after coating of the photoraesist solution on a substrate and
drying. Non-ionic surfactants that may be used include, for exampis, nonyiphenoxy poly(ethyleneoxy) ethanoi; octyl-
phenoxy ethanal 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
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cycl oal kyl oxy; 5) C6-Cl2 aryl oxy. 6) Cl-CH0 =T12
aryl carboxylic acid or ester -COOR and keto-substituents rC(=O R, where.

is H

arnt, inclugi;;lg'ag:ng. @Argl)/nlg vﬁﬁiiinggﬁ&ia c&'iiﬁ'gt. Whan spin coatifig; for axample, the resist solution can be
adjusted with respect to the percentage of solids content, in order to provide coating of the desired thickness, given
the type of spinning equipment utilized and the amount of time allowed for the spinning process. Suitable substrates
include silicon, aluminum, polymaeric rasins, silicon dioxide, doped silicon dioxide, silicon nitride. tantalum, copper,
polysilicon, ceramics, aluminunveopper mixtures; gallium arsenide and other such Group HI/V compounds.

The phatorasist coatings produced by the described procedure are particularly suitabie for application to thermaily
grown silicon/silicon dioxide-coated wafers, such as are utilized in the production of microprocassors and other mini-
aturized intagrated circuit components. An aluminum/aluminum oxide wafer can also be used. The substrate may also
omprise various polymaeric resins, especially transparant polymers such as polyesters. The substrate may have an
adhesion promoted layer of a suitable composition, such as one containing hexa-alkyl disilazane.

The photoresist compaosition 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 tamperature treatment is selected in order to reducs the concentration

of residual solvents in the photoresist, while not causing substantial thermal degradation of the photosensitizer. In

general, one desires to minimize the concentration of solvents and this first temperature treatment is conducted until
substantially all of the solvents have evaporated and a thin coating of photoresist composition, on the order of one
micron in thickness, remains on the substrate. In a preferred embodiment the temperature is from about 85°C to about
95°C. The treatment is conducted until the rate of change of solvent removal becomes relatively insignificant. The
temperature and time selection depends on the photoresist properties desired by the user, as well as the equipment
used and commercially desired coating times. The coated substrate can then be exposed to actinic radiation, e.g.,
uitraviolet radiation, at a wavelength of from about 300 nm to about 450 nm, x-ray, electron beam, ion beam or laser
radiation, in any desired pattem, produced by use of suitable masks, negatives, stencils, templates, etc.

The photoresist is then opticnally subjected to a post exposure second baking or heat treatment either before or
after development. The heating temperatures may range from about 90°C to about 120°C, more preferably from about
100°C to about 110°C. The heating may be conducted for from about 30 seconds to about 2 minutes, more praferably
from about 80 seconds to about 20 seconds on a hot piate or about 30 to about 45 minutes by convection aven.

The exposed photoresist-coated substrates are developed to ramove the image-wise exposed areas by immersion
in an alkaline developing solution or developed by spray development procass. The solution is preferably agitated, for
example, by nitrogen burst agitation. The substrates are allowed to remain in the developer urtil all, or substantially
all, of the photoresist coating has disscived from the exposed areas. Developers may include aquecus solutions of
ammonium or alkali metal hydroxides. One preferred hydroxide is tetramethyl ammenium hydroxide. After removal of
the coated wafers from the developing solution, one may conduct an opticnal post-development heat traatment or bake
to increase the coating's adhesion and chemical resistance to etching solutions and other substances. The post-de-
velopment heat treatment can comprise the oven baking of the coating and substrate below the coating's softening
point. In industrial applications, particularly in the manufacture of microcircuitry units on silicon/silicon dioxide-type
substrates, the developed substrates may be treated with a buffered, hydrofluoric acid based etching solution. The
photoresist compositions of the present invention are resistant to acid-based etching solutions and provide effective
protection for the unexposed photoresist-coating areas of the substrate.

The following specific examples will provide detailed illustrations of the methods of producing and utilizing com-
positions of the present invention. These examples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions, parameters or values which must be utilized
exclusively in order to practice the present invention. The following Examples 1 to 7 show how the raw materials were

purified, and hence show oniy a part of the process of the present invention, whereas Examples 8 to 24 illustrate the
complete method of the present invention.

Example 1

30 grams of dry AMBERLYST 15 ion exchange resin beads were placed in a conical flask and deionized (D!) 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 siowly. The water was again decanted. The rinsing with deionized water and decanting steps
were repeated three more times. The resuiting slurry of ion exchange resin was poured into a 22 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 ailowed to settle
to the bottom.

The bed length was measured and the bed volume was calculated as 72 mi. 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 ofthe
acid solution wers passed through the resin bed. 60 bed volumes of deionized water were then passed down throgh
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and 30 ppm of nitrogen base, was passed down through the resin bed at the same flow rate. The crasylic acid obtained
had a very low lavel of metai ions as follows: sodium - <10 ppb, iron - <20 ppb and nitrogen basa less than the detectable
limit.

Exampie 2

200 grams of crasylic acid (Ca 28) céntaining 1000 ppm of sodium and 500 ppb of iron and 200 ppm of nitrogen
base was distilled under a vacuum of 20 mm prassure. The cresylic acid obtained had a very low level of metal ions
and nitrogen bases as follows: Sodium <10 ppb, iron <10 ppb and nitrogen base less than the detection limit.

Example 3

100 grams of cresylic acid (Ca 28) containing 10 ppb of sodium and 150 ppb of iron and 100 ppm of nitrogen base
was extracted with 10% HCI solution (4 X 100 mL). The cresylic acid was washed with DI water (2 X 100 mL) t6 remove
HCI. The cresylic acid obtained was tested for metals and nitrogen base as follows: Sodium <10 ppb, Iron 80 ppb and
nitrogen base less than the detection limit.

Example 4

21.8 kg (48 Ibs.) of wet AMBERLYST 15 ion exchange resin beads (17.2 kg = 38 Ibs. dry) were placad ina 34 |
(1.2 t.3) resin canister, having a pressure rating of 27.6 N/cm? (40 psig). Into a 1,900 | (500 gal.) glass-lined faed kettle,
having a pressure rating of 69 N/em? (100 psig), an agitator and a 7.6 cm 69.4 N/em? (3 inch 101 psig) rupture disk,
was ted 378.5 1 (100.0 gal.) of DI water. The feed kettle was pressurized to 13.8 N/em? (20 psig) using nitrogen and
water was siowly transterred through a bottom outlet vaive through the resin canister through a feed valve into a glass-
lined product kettle, having a pressure rating of 103.4 N/em?2 (150 psig) and a 5.08 cm (2 inch) 69/69 Nem?2 (100/100
psig) double rupture disk. Both kettles were then drained. With all valves closed, 208 | (55 gal.) of DI water and then
25 kg (55 Ibs.) of 98 percent sulfuric acid were charged to the feed kettle. The agitator was set at 60 rpm and the
temperature was maintained at 20-30°C. The feed kettle was pressurized to 13.8 Nfem? (20 psig) using nitrogen and
the bottom outlet valve was opened to slowly transfer the sulfuric acid solution through the resin canistar through the
open inlet valve to the product kettle. The inlet vaive was opened s0 as to obtain a liquid flow rate of about 1.32 Uimin
(0.35 gal./min). The feed kettls and product kettle were then drained, the feed kettle outlet valve to the resin canister
was closed and the feed kettle was rinsed with DI water.

1.700 ] (450 gal.) of DI water was charged tc 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 13.8 Niem? (20 psig) using nitrogen and the bottom
outlet valve opened to slowly transfer the water through the resin canister through the inlet vaive to the product canister
at a liquid flow rate of about 8.8 ¥min (1.8 gal./min). The pH of the water in the product kettle was tested to assure that
it matched the pH of fresh DI water. The contents of the feed and product canisters were completely drained after
turning off the agitator and all vaives wers closed.

4161 (110 gal.) ofa 37 percent formaidehyde soluticn in DI 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 iniet valvs of the product
kettle was opened to obtain a liquid flow rate of about 2.65 I/min (0.7 gal./min) into the product kettle. The formaidehyde
obtained had a very low level of metal ions as follows: sodium -<20 ppb, iron - <45 ppb.

Example 5

112.5 kg (248 Ibs.) of wet AMBERLYST 15 ion exchange resin beads (88.9 kg = 196 Ibs. dry) were placed in a
176 1 (6.211.3) resin canister, having a pressure rating of 27.6 N/cm? (40 psig.). Into the resin canister, cleaned according
to the cleaning process set forth in Example 2 was fed 4,310 kg (9500 Ibs.) of formaldehyde as a 37 percent formai-
dehyde solution in DI water and 7 percent methanol, having about 789 ppb sodium, 547 ppb iron, 118 ppb chromium,
and 1487 ppb. calcium. The formaldehyde solution was slowly transferred through the resin canister at a flow rate of
about 5.1 kq (33.3 Ibs. ) of solution per minute. The formaldehyde obtained had a very low level of metal ions as follows:
sodium - 12 ppb, iron - 4 ppb, chromium - 118 ppb, and calcium - 11 ppb.

aiml1l, and a). providinge o ..
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level of metal ions as follows: sodium 12 ppb, iron 4 ppb, chromium 118 ppb, and calcium 11 ppb.

Example 7-12

The procedure of Example 5 was repeatad and formaldehyde as a 37 percent solution in DI water and 7 percent
methanol was passed through the resin canister. The formaldehyde obtained had a very low level of metal ions as
shown in the following Table.

Table 7:
Metais in Deionized Formaldshyde (ppb)

Metals | Ex7 | Ex8 | Ex9 | Ex10 | Ex 11 | Ex 12

Na 9 6 26 -] 6 6

K <5 <5 <5 <5 <5 <5
Fe <5 <5 <5 <5 <5 <5
Cr <5 <5 <5 <5 <5 <5
Cu <5 <5 <5 <5 <5 <5
Pb <5 <5 <5 5 <5 <5
Mg 23 <5 10 <5 <5 <5
Zn 19 <5 87 6 7 6

Ca 22 <5 36 <5 <5 1§
Mn <5 <5 <5 <5 <5 <5
Ni <5 <5 <5 <5 <5 <5

Examples 8 to 32 illustrate the prasent invention.

Example 8

100 grams of cresols (Ca-28) from example 1 was placed in a four necked flask squipped with a condenser, a
thermometer, and a dropping funnel. One gram of oxalic acid (1% of crasois) and 4 grams of DI water and 0.02 grams
of 3-picoline (0.02% of cresols) were added and the flask was heated to 95°C.52.97 g of the formaldehyde (molar ratio
of cresoltormaidehyde 1/0.72) from example 5 was added dropwise over three hours. The condensation reaction was
allowed to continue for 8 hours at 95°C and a sample was collected for GPC analysis to determine the molecular
weight. The unreacted raw materials were distilled off using stepwise distillation technique keeping the temperature
constant at 140°C for 1 hour, 190°C for 2 hours and 215°C for 1 hour and then the vacuum was applied. When the
flask temperature was 235°C and vacuum pressure was 20 mm, the moiten resin was discharged to an aluminium
tray. The void viscosity and dissolution rate in inorganic and organic solvent were determined and are shown in Tabile
1 below.

Example 9 to 14

The procedura of example 8 was repeated using differant amounts of 3-picoline (added before condensation) and
oxalic acid to make the novolak resins of example 9 to 14, shown in Tabie 1 below
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8 . 1.5 0.02 12.7 6751/13107

9 0.5 0.08 15.2 7654/5880

10 1.0 " 0.05 17.7 11185/9607

1" 05 0.02 15.0 9207/5938

12 15 0.08 20.1 15153/13701

13 1.0 0.05 17.3 11196/9839

14 1.0 0.07 18.4 11939/8961

Note: V.V = void viscosity; MW - molecular weight of the final resin by Gﬁ:; MW(B0) = molecular weight of
resin sample obtained before distillation.

Examples 15 to 23

The procedure of example 8 was repeated using differnt amounts of 3-picoiine (added after condensation) and

oxalic acid to make the novolak resins of axamples 15 to 23, shown in Table 2 helow.

Table 2:
The Etfect of Various Amount of 3-Picofine on Viscosity, GPC Molecular Weight (3-Plcoline is Added After
Condensation): )

Example # Oxalic(%) _ 3-Picoline(%) \A'S MW/MW(BD)
15 1.5 0.02 188 15042/11443
16 0.5 0.08 171 B8794/8121
17 1.0 0.05 18.7 156875/15770
18 . 0.5 0.02 16.4 8374/7255
19 15 . 0.08 20.1 17200/17121
20 1.0 0.05 18.9 16790/15751
21 1.0 ' . 0.07 208 15733/15528
22 1.0 0.05 206 14695/13706

Examples 23 and 24

The procedure of example 8 was repeated adding piperidine and pyridine (before condensation), respectively,

instead of 3-picoline, to make the novolak resins of examples 23 to 26, as shown in Table

Table 3:

3 below.

Other Lewis Bases Added Before Condensation

Example # Base Amount | V.V | MW/MW(BD)

23 Piperidine | 0.05% | 16.1 9932/9838

24 Pyridine 0.05% | 20.0 | 14133/13651

Comparative Examples 25 and 26 -

The procedurs of example 8 was repeated to make novolak resins identical to the resins of examples 17 and 19.
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No Lawis base was added, to show that the resins obtained are depolymerizali, as shown in Table 4 below.

Table 4:
Partial Depolymerization of Novolak Resin in Absence of Lewis Base
Example Crasols vv MW (MW(BD)
25 Example 1 8.4 8310 20835
26 Example 3 73 3616 42025

Examples 27 to 32

Into a 7,570 | (2000 gal.) stainless steel lined reaction ksttle, having a pressure rating of 206 N/em?2 (300 psig) and
a 7.62 cm 79.3 N/iem? (8 inch 115 psig) rupture disk were added: 27.8 kg (61.3 Ibs.) of unpurified oxalic acid as a
powder and § gal. of DI water, through a port with a ball vaive. 2,780 kg (6131 Ibs.) of a mixture of 46.2 percent m-
cresol, 40.5 percent p-cresol, 5.6 percent 2, 5-xylenol and 6.8 percent of 2, 4-xylenol (havmg a very low metals content
and less than 10 ppm Lewis base) were added.

The reaction kettle agitator was set at about 100 rpm and the temperature was maintained at 92-86°C. Over a 3
hours period, 1,458 kg (3211 ibs.) of the formaldehyde solution of Example 5 was added at a mass flow rate of about
8.16 kg/min (18 Ibs/min). The temperature was then maintained at 82-96°C for 8 hours. 1.36 kg (3 Ibs.) of 3-Picoline
was added and atmosphaeric distillation of the solvent was initiated. The temperature of the reaction mixture was raised
aver a period of § hours to about 215°C. Samples at 120°C and 190°C were collected to compare the molecular weight
of the resin, by GPC. Additional heat and vacuum were applied to the reaction ksttle until the temperature reached
about 235°C and 20 mm Hg vacuum, which was held for about 30 minutes. The vacuum was then released and the
reaction was completa. A sample was collected and 3,269 kg (7208 Ibs.) of PGMEA was added into the reaction kattle,
over a period of about 35 minutes. The product was dissolved in the PGMEA and the resuiting solution of novolak resin
was passed through a 0.4 micron Cuno cartridge filter. The rasuiting 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.

Table 5 below shows the properties of the resins obtained.

Table 5:
Examples 27-32 Resins
Example # | Formaldehyde | 3-Picoline % | Void Viscosity
27 0.730 0.05 230
28 0.730 0.03 18.2
29 0.730 0.03 17.9
30 0.740 0.03 215
31 0.725 0.03 17.5
32 0.725 0.03 17.5

Comparative Example 33 and 34

The procedure of Example 19 was repeated using the same pure cresols and formaldehyde but no 3-picoline was
added. The product was dissolved in about 3,401 kg (7500 Ibs.) of PGMEA. Table 6 shows the properties of the product.

Table 6:
Resin Obtained in the Absence of Lewis Base
Example " Cresols _ V.V | MW/MW(BD)
33 Substantially Lowis Bass Frae/Matal ion Free | 14.6 | 1011/20420
34 Substantially Lewis Base Free/Metal lon Free | 13.1 8430/16664
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Example 35

A Photoresist solution was prapared as follows: Into 73.88 grams of PGMEA, 19.58 grams of the novolak resin
from Example 13 was added. A mixture of photasensitizers was addad as follows: 3.26 grams of 2,1,5-diazonaphtho-
quinone sulphonic acid ester (40% to 80% esterification) of 2,3,4,4'-letrahydroxybenzophencne, 2.61 grams of the
2,1,5- diazonaphthoquinone sulphonic acid aester (40% to 80% estarification) of 2,3,4-trihydroxybsnzophenone and
0.851 grams of the 2,1,5-diazonaphthoquinone suiphonic acid astar (82% to 91% esterification) of 2,3,4-trihydroxy-
benzophencne. The photosensitizers and 0.020 grams of FC~430 surfactant (fluoroaliphatic polymaeric ester available
from 3M Corp.} wera dissolved and filtered through a membranae filter (0.2 um in pore size). The photoresist solutions
waere spin coated, using standard techniques, onto quartz plates at a constant speed to obtain a layer of photoresist
having an initial thickness of 1.5 um. The piates were baked in a circulating air oven at $0°C for 30 minutes.

This photoresist was compared with a control photoraesist (AZ 6212, available from the Electronic Products Division
of Hoechst Celanese Corp.) for photospeed, contrast, dark film loss, thermal stability and aging. The photospeed was
2.6% faster; contrast - no difference; dark film loss was 4% faster; thermai stability - no difference; aging (5 days at
§50°C}) - no difference. :
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Claims

1. A method for producing a water inscluble, aquecus alkali sciuble novolak rasin having reduced depolymarization
comprising:

a) washing an acidic ion exchange rasin with water, washing the ion axchange resin with a mineral acid solution
and thereby reducing the sodium and iren ions in the ion exchange resin to less than S00 ppb each;

b) passing a water/formaldehyde solution through the ion exchange resin and thereby raducing the sodium
and iron ion level of the solution to less than 500 ppb each; then either

c) passing one or mora phenolic campaunds through the ion axchange resin and theraby reducing the sodium
and iron ion content to lass than 200 ppb each; or

distilling one or more phenclic compounds and thereby reducing the sodium and iron ion content of less
than 200 ppb each; or

extracting metal ions with mineral acid solution from one or more phenoclic compounds and thereby re-
ducing the sodium and iron ion content of less than 200 ppb each; and ’

d) adjusting the concentration of Lewis base to level of from 10 to 1000 ppm, by either 1) adjusting the con-
centration of Lawis base before condensation or 2) adjusting the concentration of Lawis base after the con-
densation or 3) adjusting the concentration of Lawis base both before and after condensation or 4) adjusting
the concantration of Lewis base in the raw materials by adding or removing a Lewis base, where the Lawis
base is an ammoenium hydroxide or an organic compound having one of the following formulas:

iz Ri 3
Rx/ \Rs Ry Ry

Formula 2, Formula 3, Formula 4

where X = N or CRg provided that there is at least one basic center in the moleculas if X = CRg and where in
Formula 2, X can be P; where R, to Rg may be any of the following:

1) hydrogen, C,-C,q alkyl;

2) C3-Cyq cycloakiyt;

3) hydroxy:; )

4) C4-Cyq alkyloxy, C3-C,q cycloalkyloxy and Cg-C,5 aryloxy; _

5) Cy-Cy alkyl or Cy-C, aryl carboxylic acid or ester -COOR and keto-substituent -C(=O)R, where R is
H, C4-C,q alkyl or Cg-C45 aryt;

6) halogen or nitro;

7) amino, C;-C,4 alkyl- or diaikylamino;

8) C4-C,4 cycloalkylamine and dicycloalkylamino; and .

9) C4-C,q cycloalkyl where at least two of the substitutents A, to Ry are part of a cyclic or polycyclic ring
system;

condensing the formaldehyde with the one or more phenolic compounds, in the presence of an acid catalyst,
and distilling off unreacted raw materials, theraby producing a water insoluble, aqueous alkali soluble novolak
rasin having a substantially consistant molecular weight and a sodium and iron ion level of lass than 500 ppb
each.

2. The method of claim 1 wherein the Lawis base concentration is adjusted only after condensation.

e

L
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3. The method of claim 1 or 2 wharein the Lewia base is a tetra substituted ammoqium hydroxide of an organic
counterion having the formula:

B

| @
A-N-C

A

D
Formula 1

whara the substitutents A, B, C and D may be:

1) C4-Cyq alkyl;

2) C4-Cyq cycloalkyl; .

3) Cg-Cyp aryl or alkytaryl (C,-C+q alkyl, C4-Cy5 aryl) substituents;

4) C,-C,q alkyloxy ar C4-C; cycloalkyloxy, -

5) Cg-Cyparyloxy; .- ) )

6) C4-C¢ alkyl or Cg-C, ary! carboxylic acid or ester -COOR and keto-substituents -C(=O)R. where R is H,
Cy-Cyg alkyl or Cg-Cyz aryh;

7) amino, C,-Cg aliyl- and dialkyiamino;

8) C3-C,44 cycloaklylamino and dicycloalkylamino; ) o
9) C4-Cyq cycloalkyl whare at ieast two of the substituents A to D are part of a C5-C;q cyclic or polycyclic ring
system.

4. A methed for preducing a positive photoresist compesition comprising a) to d) as set forth in claim 1, and

@) providing an admixture of 1) a photosensitive component in an amount sufficient to photgmnsiﬁze the
photorasist composition, 2) the watar inscluble, aquecus alkali soluble novolak resin and 3) a suitable soivent.

5. The method of claim 4 wherein the Lewis base concentration is adjusted after condensation.

6. The method of claim 4 or § wherein the Lewis base is a tetra substituted ammonium hydroxide of an organic
counterion of formula 1 as set forth in claim 3.

7. The metheod of any of claims 4 to 6 wherein the solvent is selected from the group consisting of propylene giycol
methyl ether acetate, ethyl lactate and ethyi-3-ethoxypropionate.

8. A method for producing a semiconductor davice by producing a photo-image on a suitable substrate comprising
a) to d) as set forth in claim 1 and

8) providing an admixture of 1) a photesensitive component in an amount sufficient to photosensitize the
phaotoresist compasition, 2) the water insoluble, 'aqueous alkali soluble novolak rasin and 3) a suitable salvent
and theraby producing a positive working photorasist compasition;

f) coating a suitable substrate with the photoresist composition;

g) heat treating the coated substrate with the photoresist composition;

h} image-wise axposing the photorasist compasition; and

i} removing the image-wise exposed areas of the photcrasist comgosition with a suitable developer.

9. The method of claim 8 wherain the Lewis base concantration is adjusted only after condensation,

10. The mathod of claim 8 or 9 whersin the solvant is salected from the group consisting of propylene giycol mathy!
ather acetate, athyl lactate and ethyl-3-athoxypropionate.

—
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METAL ION REDUCTION IN THE RAW MATERIALS
E f the .

The present invention provides methods for producing water insoluble,
aqueous alkali soluble novolak resins having a very low level of metal ions and a
substantially consistent molecular weight. A method is also provided for
producing photoresist composition from such novolak resins and for producing

semiconductor devices using such photoresist compositions.



