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METAL JON REDUcnON IN NOVOLAK RESINS SOLUTION IN PGMEA 

S BACKGROUND OF THE IN\'ENIION 

The pre~t. invention relates to a process for producing phenolic resins having 

a very low level of metal ions, especially sodium and iron, and for using such phenolic 

resins in light-sensitive compositions. The present invention also relates to a process 

for making light-sensitive compositions. useful in positive-working photoresist 

10 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 

miniaturized electronic components such as in the fabrication of computer chips and 

IS integrated circliits. Generally, in these processes, a thin coating of film of a 

photoresist composition is first applied to a substrate material, such as silicon wafers 

used for making integrated circuits. The coated substrate is then baked· to evaporate 

any solvent in the photoresist composition and to fix the coating onto the substrate. 

The baked coated surface of the substrate is next subjected to an image-wise exposure 

20 to radiation. 

This radiation exposure causes a chemical transformation in the exposed areas 

of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray 

radiant energy are radiation types commonly used today in microlithographic 

processes. After this image-wise exposure, the coated substrate .is treated with a 

25 developer solution to dissolve and remove either the radiation-exposed or the 

unexpos"ed ·areas of the coated surface of the substrate: 

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

high density integrated circuits and computer chips, often leading to increased defects, 

yield losses, degradation and decreased performance. In plasma processes, metals 

~O such as sodium and . iron, when they are present in photoresists, can cause 
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contamination especially during plasma stripping. However, these problems have 

been overcome to· a substantial extent during the fabricatio.n· process. F~r example, by · 

utilizing HCL gettering of the contaminants during a high t~peratUre anneal cycle. 

As semiconductor devices have become more sophisticated, these problems 

S have become Jll!JCh more difficult to overcome .. When Silic0n wafers .are coated with . · 

a liqUid positive photoresist and· subsequently. stripped:~~~ such as with oxyg~ 

microwave plasma, the performance and stability of the seniic:onductor 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 

10 the metal contamination in the photoresist, particularly sodium and iron ions. Metal 

levels of less t~ 1.0 ·ppm in _the photoresist have been found to advers.ely affect the 

properties of such semiconductor devices . 

. Novolak resins are frequently used a polymeric binder in liquid photoresist 

fonnulations. These resins are. typically. produced by conducting a condensation 

15 ·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 

20 

---·- --~ 

· resins having metal contamination levels well below SO ppb. 

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) 

while the unexposed areal of.the photoresist. coating renWn relatively soluble to such 

a solution. Thus, treatment of an exposed _negati~\Vorking resist with a developer 

25 causes removal· of the non-exposed areas of the photoresi~- 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 band, when positive-working photoresist compositions are exposed image­

wise to radiation, those areas of the photoresist composition exposed to the radiation 

30 become more soluble to the developer solution (e.g. ·a rearrangement reaction occurs) 

( 
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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 creatioi:i of a positive image in the 

photoresist coating. Again, a desired portion of the underlying substrate surti.ce is 

· S 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 

10 photore$ist coating still remains are protected and, thus, an etched pattern is created 

in the substrate material which corresponds ~o the photomask used for the image-wise 

eXposure of the radiation. Later, the remaining areas of the photoresisi coating may 

be removed during a stripping operation, leaving a clean etched ·substrate surface. In 

some instances, it is desirable to heat treat the remaining photoresist layer, after the 

15 development step and before the etching step, to increase its adhesion to the 

underlying substrate and its resistance to etching solutions. 

Positive working photoresist compositions are currently favored over negative 

working resists because the former generally have better resolution capabilities and 

pattern transfer characteristics. Photoresist resolution is defined as the smallest feature 

20 which the resist composition can transfer from the photomask to the substrate with a 

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

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

micron are necessary. In addition,· it is almost always desirable that the developed 

photoresist wall profiles be neir vertical relative to the substrate. Such demarcations 

25 between developed and undeveloped areas of the resist coating translate into accurate 

pattern transfer of the mask image onto the substrate. · · 

SUMMARY.OF THE INVENTION 

The present invention relates to a process for producing phenol formaldehyde 

30 resins containing very low levels of metal ions, especially sodium and iron, and a 
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process for their use in photoresist compositions. The invention· further relates to a. 

process for· making positive-working photoresists containing these phenol · 

·formaldehyde resins and a photosensitizer, and a process for using such photoresists 

in producing semiconductor devices. 

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

10 

·soluble novolak resins . obtained by condensing ~h formi.ldehyde . one or more 

phenolic compounds, such as meta-cresol, para-cresol, 3,S~ethylphenol or 3,S-. 

xylenol. 

The. novolalc 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. contaDJinants and among the easiest to detect. The level 

of these metal ions serves as an indicator of the level e>f other metal ions. The level of 

sodium and iron.ions, are each less than 100 ppb, preferably less than 75 ppb, more 

1 S preferably less than SO ppb, even more preferably less than 20 ppb and most 

preferably less than 5 ppb. 

Water insoluble, aqueoµs alkali soluble.novolak resins having a very low levels 

of metal ions may be obtained by condensing formaldehyde haviiig a very low level· of. 

metal ions with one or more phenolic compounds, such as m-cresol, p-cresol, 3,5-

20 dimethyl phenol or 3,5-xylenol, having a. very low. level of metal ions.· The 

condensation reaction . is preferably carried out in the presence of an acid catalyst, 

such as oxalic acid or maleic anhydride. 

Water insoluble, aqueous alkali soluble novolak resins having ·a very low levels 

of metal ions may also be obtained by utilizing a chelating ion exchange resin to purify 

25 such novolak resins. . 

US-A-5 073 622 discloses a process for producing novolalc resins having .a 

total sodium and iron ion level of less than 500 ppb by dissolving the novolak resin in 

an organic solvent aDd contacting the solution with aqueous solutions of an acidic 

complex forming compound. 

,. 
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The claimed irivention differs from that process in that the solution of the 

complex forming agent is replaced by a neutral ammonium fonn or acid fonn of 

chelating ion exchange resin. The acid form is prepared by the sequence: a) treated 

with DI water and then a· mineral acid solution, b) again. with DI 'Yater, c )with a 

5 solvent which is compatible with the novolak resin solvent. For the neutral 

ainmonium fo~ a) treated with DI water and a mineral acid solution, b) with DI" 

water, c} with ammonium hydroxide solution (4-100/o) in DI water, d) with DI water, 

and e )with a solvent which is compatible with the novolak resin solvent. It further 

differs in that the acid or ammonium form. of chelated ion exchange resin has to be 

10 heated with novolak resin solution and filter out the solid phase of ion exchange resin 

and metals complex. It was proved that without heating metals can not be removed. 

This was very much unexpected results. Conventionally a chelating ion exchange 

resin fonn complex with metals at room temperature in aqueous system, however, in 

non aqueous system (where water can not be used because of the nature of products, 

1 S water contamination is not acceptable) the complex does not fonn. It was 
· unexpectedly discovered that such a complex is formed when it is heated. 

DETAii.ED DESCRIPTION OF THE PREFEQRP EM80PIMENI 

The present invention provides a process for producing novolak resins having 

20 a very low level of inetal ions, particularly sodium and iron. In one embodiment, the 

process utilizes an ammonium salt of chelating ion exchange- resin to purify the 

novolak resin solution in PGMEA solution 2-70%; The process also utilizes an acid 

form of chelating ion exchange to purify the novolak resin solution 2-700/o. The 

subject process comprises: 

25 

30 

a) 1) treating a chelating ion exchange ~esin in a column or in a batch 

process with. deionized water, follo~ed by a ~eral acid solution (e.g.· : · 

a 5-98% solution of sulfuric, nitric or hydrochloric acid), again treating 

with DI water, to reduce the level of sodium and iron ions in the ion 

exchange resin to less than 200 ppb each, preferably less than 100 ppb, 

more preferably less than SO ppb and most preferably no more than 20 

li1li1ilflii 
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ppb or 2) treating a chelating·ion-exchange resin in a column or in a 

batch process with deionized water, follo'Yed by a· mineral acid · 

solution (e.g. a S-98% solution of sulfuric, nitric or hydrochloric acid), 
. I 

again treating with DI water, followed by. treating with ammonium 

hydroxide solution (2·28%) to convert the ion exchange resin to its· 

~onium Salt, followed by· again treating with DI water, to reduce 

the level of sodium and iron· ions in the· ion exchange resin to less than 

200 · ppb, preferably less than 100 ppb, more preferably less than SO 

ppb and most preferably no more than 20 ppb; .treating with elec::tronic 

grade acetone· to remove water, followed ·by treating with PGMEA to 

remove acetone; 

either: 1) passing a hot solution of novolak resin in PGMEA at a 

temperature of 30 to 1 S0°C, preferably so to 120°C, more preferably 

60 to 100°C, most preferably 70 to 90°C, through the ammonium 

chelating ion exchange resin bed at a rate such that the residence time 

is higher than 200 -~utes, preferably higher than 100 minutes,_ more 

preferably more than 50 minutes, and most preferably more than 1 O 

minutes and thereby reducing the level of sodium and iron ions in the 

solution to less than 100 ppb each, preferably less than 50 ppb, more 

preferably less than 20 ppb, and most preferably less than S ppb; or 2) 

mixing a solution of novolak resin in PGMEA with the treated 

ammonium salt of the chelated ion ·excJumge resin or the. acid fonn of 

the chelated ion exchange resin at a temperature in the range of 30 to 

1S0°C, preferably so to 120°C, more preferably 60 to 100°c, most 

preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to SO hours, 

more preferably 4 to 25 hours,. even more preferably 6 to 1 s hours, .the 

most preferably 7 to 12 hours followed by filtering through a 0.01 to 

0.2, preferably 0.1 µM filter and thereby reducing the level of sodium 

and iron ions in the solution to less than 100 ppb each, preferably less 
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than SO ppb, more preferably less than 20 ppb, and most preferably less 

than S ppb; 

providing one or more phenolic compounds _having a sodium and iron 

ion content of less than 100 ppb, preferably less than SO ppb, more 

p~eferably less than 20 ppb and most preferably less than 10 ppb; 

· The present invention further provides a process for producing a positive 

photoresist composition ha:ving a very low level of total sodium and iron ions. The 

subject process comprises: 

a) 

b) 

I) treating a chelating ion exchange resin in a column or in a batch 

process with deionized water, followed by a mineral acid s.olution (e.g. 

a 5-98% solution of sulfuric, nitric or hydrochloric acid), again treating 

with DI water, to reduce.the level of sodium and iron ions in the ion 

exchange resin to less than 200 ppb each, preferably less than 100 ppb, · 

more preferably less than SO ppb and most preferably no more than 20 

ppb ~r: 2) treating a chelating ion exchange resin in a column or in a 

batch process With deionized. water, followed by a mineral acid 

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

again treating with DI water, followed by treating with ammonium 

hydroxide solution (2-28%) to convert the ion exchange resin to its 

ammonium salt, followed by again tr~ with DI water~ to reduce 

the level of sodium and iron ions .in· the ion exchange resin to less than 

200 ppb each, ·preferably less than 100 ppb, . more preferably less than 

SO· ppb and most preferably no more·.than 20 ppb; treating with 

electronic grade acetone to remove water, followed by treating with 

PGMEA to remove acetone; 

either 1) passing a hot solution of novolak resin in PGMEA at a 

temperature of 30 to 150°C, preferably 120 to S0°C, more preferably 

60 to 100°C, most preferably 70 to 90°C, through the ammonium 

chelating ion exchange resin bed at a rate such that the residence time 
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is higher than 200 ·minutes, preferably higher than 100 minutes, more 

preferably more than 50 minutes, and most preferably more than 10 

. minutes and ·reducing the level of sodium and iron ions in the solution 

to less than· 100 ppb each, preferably less th8n SO ppb, more preferably 

less than 20 ppb, even more preferably less than 1 O ppb and most 

preferably less than S ppb; 

or 2) mixing a solution of n,ovolak resin in PGMEA with the treated 

ammonium salt of the chelated ion exchange resin or the acid form of 

the chelated ion exchange resin at a temperature in the range of 30 to 

150°C, preferably so to 120°C, more preferably 60 to 100°c, most 

preferably 70 to 90°C, for 1 to 80 hours, pref~ly 3 to so hours, 

more preferably 4 to 25 hours, even more preferably 6 to 1 S hours, 

most preferably 7 to 12 hours followed by filtering through a 0.01 to 

0.02, preferably 0.01 µm filter and reducing the level of sodium and 

iron ions in the solution to less than 109 ppb each, preferably less than 

SO ppb, more preferably. less than 20 ppb, even more preferably less 

than 10 ppb and most preferably less than S ppb; 

providing one or more phenolic compounds having a sodium and iron 

ion content of less than 100 ppb each, preferably less than 50 ppb, 

more preferably less than 20 ppb and most preferably less than S ppb; 

d) 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 sodium and iron ions and 3) a suitable photoresist solvent. 

The invention further · provi~es a method for producing a semiconductor 

device by producing a photo-image on a substrate by. coating a suitabJe substrate with 

a positive working photoresist. composition by: · 

a) · 1) treating a chelating ion exchange exchange resin in a column or in a 

batch process with deionized water, followed by a mineral acid 

f 

r 

' 
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solution (e.g. a S-98% solution of sulfuric, nitric or hydrochloric acid), 

again treating with DI water, to reduce the level of sodium and iron · 

ions in the ion ex.change resin to less than 2~0 ppb each, preferably less 

than 100 ppb, more preferably less than 50 ppb and most preferably no · 

more than 20 ppb Qr: 2) treating a chelating ion exchange exchange. 

resin in a column or in a batch process with deionized water, followed 

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

hydrochloric acid), again treating with DI water, followed by treating 

with ammonium hydroxide solution (2-28%) to convert the ion 

ex.change resin to its ammonium salt, followed by again treating with 

DI water, to reduce the level of sodium and iron ions in the ion 

ex.change resin to less than 200 ppb each, preferably less· than I 00 ppb, 

more preferably less than 50 ppb and most preferably ~o more than 20 

ppb;treating with electronic grade acetone to remove water, followed 

by treating with PGMEA to remove acetone; 

either: 1) passing a hot solution of novolak resin in PGMEA at a 

temperature of 30 to 150°C, preferably 50 to 120°C, more preferably 

60 to 1 OOOC, most preferably 70 to 90°C, through the ammonium 

chelating ion exchange resin bed at a rate such that the residence time 

is higher than 200 minutes, preferably higher than 100 minutes, more 

preferably more than· SO minutes and most preferably more than I 0 

minutes and reducing the level of Sodium and iron ions in the solution 

to less than 100 ppb eac~ preferably less than SO ppb, more preferably 

less than 20 ppb, even more preferably 'less than IO ppb and most 

preferably less than 5 ppb; 

or: ·2) mixing a solution of novolak resin in PGMEA with the treate4 · 

ammonium salt of the chelated ion exchange resin or the acid form of 

the chelated ion exchange resin at a temperature in the range of 30 to 

150°C, preferably 50 to 120°C, more preferably 60 to 100°c,. most 

preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to SO hours, 
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more preferably 4 to 25 hours, even more preferably 6 to 15 hours, 

most preferably 7 to 12 hours followed by filtering· through a 0.01 to 

0.2, preferably 0.1 µm filter and reducing th~ level of sodium and iron 

ions in the solution to less than 100 ppb each, preferably less than 50 

ppb, more· preferably less than 20 ppb, even more preferably less than 

1 O ppb and most preferably less than 5 ppb; 

providing one· or more phenolic compoUnds ·having a sodium ·and iron 

ion content of less than 100 ppb, preferably less than 50 ppb, more · 

preferably less than 20 ppb and most preferably less than 10 ppb; 

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 3) a suitable photoresist solvent. 

heat treating the coated substrate .until ·substantially all of the solvent is 

removed; image-wise exposing the photosensitive composition and 
removing the ·image-wise exposed areas of such composition with a 

suitable developer; such as an aqueous alkaline developer. Optionally 

one may perfonn a baking of the substrate either immediately before or 

after the removing step. 

20 It has been found that a novolak resin containing a very low level of metal ion 

contamination cannot be obtained by first condensing formaldehyde with one or more 

phenoliC compounds, in the presence of an acid ·catalyst, and then attempting to 

remove the metal ions ftom the resin unless: 1) the novolak resin in placed in a 

solution using a suitable.solvent 2) the chelating ion exchan~e resin is treated with DI 

25 water and a mineral acid solution, and/or ammonium hydroxide solution and water as . . . 

described above; 3) the anunonium form. or acid form of the chelating ion exchange · · 

resin is then thoroughly rinsed· with a solvent which is the same as or at least 

compatible with, the novolak resin solvent; 4) ·the hot novolak resin solution is then 

passed through· the acid fonn and/or ammonium fonn of the chelating ion exchange 

' . 
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resin ·bed at a very slow rate so the resin solution is mixed with the acid form or 

·ammonium form of the chelated ion. exchange resin and heated. 

A chelating ion exchange resin, such as a styrene/d~vinylbenzene chelating ion 

exchange resin is utilized in the present process. Such ion exchange resins are 

S available as the SQdium form ftom Rohm and Haas Company, e.g. AMBERLITE® 

IRC 718 or C~elex® 20 or Chelex® 100 available as·sodium form ftom Bio Rad Co. 

Before being utilized in the process of the invention, the ion exchange resin must be 

treated with water and then a mineral acid solution, with water again, ammonium 

hydroxide solution and followed by water to reduce the metal ion level. Preferably 

10 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 witJi deio~ed 

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

deionized water. Then treated with ammonium hydroxide solution, followed ·by 

water. When purifying novolak resin solution, it is critical that the ion exchange resin 

1 S is then rinsed with a solvent which is the same as, or at least compatible with, the 

novolak resin solvent. 

The novolak resin is passed through a column containing the ammonium form 

or the acid form of the chelating ion exchange resin as a hot solution, e.g., a solution 

of about 40 percent novolak resin in propylene glycol methyl ether acetate or such 

20 · solutions is mixed with the ammonium form or the acid fonn of chelated ion exchange 

resin and heated. Such novolak 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 less than SO ppb each. 

The passing of ·a novolak solution through a ion exchange column must 

25 maintain a rate of flow such that the residence time ( which is total bed volume 

divided by flow of rate) is high, i.e., over 10 minutes. 

The present invention provides a process for producing a photoresist 

composition and a process for producing semiconductor devices using such 

photoresist composition. The photoresist composition is formed by providing an 

. 30 admixture of a photosensitizer, the subject water ·insoluble, aqueous alkali soluble 
----·--~·-····-··------
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novolak resin 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-ethoxypropionate, ethyl_ lactate,_ mixtures of ethyl-

3-ethoxypropiona~e and ethyl lactate, butyl acetate, xylene, diglyme, ethylene glycol 

5 monoethyl ethe_r acetate. The preferred solvents are propylene glycol methyl ether: · 

acetate (PGMEA)and ethyl.;.3-ethoxypropionate (EEP). 

10 

Other optional ingredients ~ch as colorants, dyes, anti-striation agelits, 

leveling agents,· plasticizers, adhesion promoters, . speed enhancers, solvents and such 

surfactants as non-ionic surfactants may be added to the solution of novolak resin, 

sensitizer and solvent before the photoresist composition is coated onto a substrate. · 

Examples of _dye· :additives that may be· used. together with the photoresist 

compositions of the p~ent invention include Methyl Violet 2B (CJ. "No. 42535), 

Crystal Violet (C.I. 42555). Malachite Green (C.1. No. 42000), Victoria Blue B (C.1. 

No. 44045) and Neutral Red (C.I. No. 50()40) at. one to. ten percent weight levels; 

15 based on the combined weight of novolak and ~tizer. The dye additives help 

provide increased resolution by inhibiting back scattering of light off the substrate. 

20 

----- --. 

25 

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 allc:yl 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 

applieation 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

methylmethacrylate;inyltrichlorosilane; 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, 

30 based on the combined weight ofnovolak and sensitizer .. These enhancers tend to 

( 
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increase the solubility of the photoresist coating in both the exposed and urieXposed 

areas, and thus they are used in applications when speed of development is the 

overriding consideration even though some degree of contra;st may be sacrificed; i.e., 

while the exposed areas of the photoresist coating will be dissolved more quickly by 

S the developer, the speed enhances will also cause a larger loss of p,hotoresist coating 

ftom 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-

i 0 ionic surfactants that may be used include, for example, nonylphenoxy 

poly(ethyleneoxy) ethanol; octylphenoxy. ethanol at up to about 100/o .weight levels, 

based on the combined weight of novolak and sensitizer. 

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

conventional method used in the photoresist art, including dipping, spraying, whirling 

1 S and spin coating. When spin coating, for example, the resist solution can be adjusted 

with respect to the percentage of solids content, in order to provide coating of the 

desired thickness, given the type of spinning equipment utilized and the amount of 

time allowed for the spinning process. Suitable substrates include silicon, aluminum, 

polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, 

20 copper, polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide. and other 

such Group IIl/V compounds. 

The pbotoresist 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 

25 circuit components. An aluminum/aluminum oxide wafer can also be used. The 

substrate may llso compriie 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 

30 the substrate is treated at a temperature ftom about 70°C to about 110°C .for from 
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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 i.s selected in order to 

reduce the concentration of residual solvents in the photoresist, while not causing 
. .,. 

substantial thennal degradation of the photos~itizer. In general, one d~ires to 

S minimize the concentration of sQlvents and this first temperature treatment ·is . 

10 

. . 

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 coating substrate can then be exposed to 

actinic radiation, e.g., ultraviolet radiation, at a wavelength of from about 300 nm to 

about 450 nm, x-ray, electron bemp, ion beam or laser radiation, in any desired 

15 · pattern, produced by use of suitable masks, negatives, stencils, templates, etc. 

The photoresist is then optionally subjected to a post exposure second baking 

ot heat treatment either before or after development. The heating temperatures may 

range from about 900C·to about 1200C, more preferably.from about 100°C to about 

110°C. The heating may be conducted for from about 30 seconds to about 2 minutes, 

20 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 sub..,.tes are developed to remove the 

image-wise exposed areas by iminersion in an alkaliJle developing solution or 

· developed by spray development process. The solution is preferably agitated, for 

25 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 .. tetrimethyl ammonium hydroxide. 

After removal of the coated wafers. from the developing solutio~ one may conduct an 

30 optional post-development heat treatment or bake to increase the coating's adhesion 
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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 ~pplications, particularly in 

.the manufacture of microcircuitry units on silicon/silicon dioxide-type substrates, the 

S · developed sub~trates may be treated with a buffered, hydrofluoric acid base etching 

. solution. The photoresist compositions of the present invention are resistant to acid~ 

base etching solutions and provide effective protection· for the unexposed photoresist­

coating areas of the substrate. 

The following specific examples will provide detailed illustrations of the 

10 methods of producing and utilizing compositions 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, parameiers or values 

which must be utilized exclusively. in order to practice the present. invention. 

15 Example 1 

200· grams of Amberlite® IRC 718 chelating ion exchange resin beads were 

placed in a conical flask and deionized water was added so that all of the resin beads 

were under water. The flask was sealed and allowed to stand for half an hour to swell 

the resin beads. The water was decanted, deionized water added to cover the resin 

20 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 wa5 pouied into a glass column having a 

diameter equipped with a porous disk and water jacket and a stopcock. The resin was 

allowed to settle to the bottom and the column was back flushed with deionized water 

25 for 25 minutes. The resin was again allowed to settle ~o the bottom. 
. . 

The bed length was measured and the bed volume was calculated as 180 mt · .. · 

A 1 O percent sulfuric acid solution was passed down through the resin bed at a rate of 

about 32 ml./min. 6 bed volumes of the acid solution were passed through the resin 

bed. Sufficient amount of deionized water were then passed down through the resin 

30 bed at about the same flow rate to remove acid. The pH of the effluent water was 



W096/20965 PCT/US95/16'8S 

- 16-

measured to assure that it matched the pH of 6 for fresh deionized water. 2 bed 

volumes of electronic grade acetone was passed down through the column to remove · 

water, followed by 2 bed volumes of PGMEA to remove acetone. Hot water (60°C) 
. r 

was circulated through.the jacket so that the temperature of the column bed was ss-· 
. s 60°C. 

300 grams of a 40 percent .solution of ·novolik resin in. PGMEA containing 

about 375 ppb of sodium and about 66 ppb of iron was passed through the resin bed 

at such a flow rate that th~ residence time was 3 S minutes. ·The resin solution 

obtained had a very low level of metal. ions as follows: sodium - <5 ppb, iron - 23 

10 ppb. 

Example2 

Example 1 was repeated and 200 grains of a 40 percent solution of novolak 
. . 

. resin in PGMEA containing about 250 ppb of sodium and about 560 ppb of iron was 

15 passed down through the resin bed at such a flow rate that the residence time was 90 

minutes. The resin solution obtained had a very low level of metal ions as follows: 

sodium - <5 ppb, iron - 18 ppb. 

20 

Example3 

200 grams of Amberlite® IRC 718 chelating ion exchange resin beads were · 

placed in a conical flask and. deionized water was added. so. that .all of the resin beads 

were under Water. The flask was sealed and allowed to stand for half an hour to swell 

the rm beads. The water· was decanted,• deionized. water added to cover the resin 

beads and the t1ask was shaken slowly. The water was again decanted. The rinsing 

25 with deionized water and decanting steps were repeated three more times. The 

resulting slurry of ion exchange resin was· poured into a glass column ha~g a 

diameter·equipped with a porous disk and water jacket 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. 

\. 
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The bed length was measured and the bed volume was calculated as 180 ml. 

A 1 O percent sulfuric acid solution was passed down through the resin bed at a rate of 

about 32 ml./min . 6 bed volumes of the acid solution w~ passed through the resin 

bed. Sufficient amou~t of deionized water was then passed do~ through the resin 

s . . bed ~t about the same flow rate to remove acid. An ammonium hydroxide solutio~ 

(6%, 6 bed volumes) was passed through the column at the same rate, followed by DI 

water (about 60 bed volumes) to remove ammonium hydroxide. The pH of the 

emuent water was measured to assure that it matched the pH of 6 for fresh deionized 

water. 2 bed volume of electronic grade acetone was passed down through the 

1 O column to remove water, followed by 2 bed volumes of PGMEA to remove acetone. 

Hot water (60°C) was circulated through the jacket so that the temperature of the 

column bed was SS-60°C. 

· 300 grams of a 40 percent solution of novolak resin in PG:MEA containing 

about 225 ppb of sodium and about 255 ppb of iron was passed through the resin bed 

1 S at such a flow rate that the residence ·time was 3 S minutes. The resin solution 

obtained had a very low level ofnietal ions as follows: sodium - 15 ppb, iron- 20 ppb. 

Example4 

200 grams of Amberlite® IR.C 718 chelating ion exchange resin beads were 

20 placed in a conical flask and deionized water was added so that all of the resin beads 

were under water. The flask was sealed and allowed to stand for half an hour to swell 

the resin beads. The water was decanted, deioniZed water added to cover the resin 

beads and the flask was shaken slowly. The water was again decanted. The rinsing 

with deionized water and decanting steps were repeated three more times. The 

25 resulting slurry of ion exchange resin was poured into a glass column having a 

diameter equipped with ~ 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 mmutes. 

The resin was again allowed to settle to the bottom. 

The bed length was measured and the bed volume was calculated as 320 ml. 

30 A 1 O percent sulfuric acid solution was passed down through the resin bed at a rate of 
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about 32 ml./min . 6 bed volumes of the acid solution were passed through the resin 

bed. Sufficient amount of deionized water was then p215Sed down through the resin · 

bed at about the same flow rate to remove acid. An ~onium hydroxide solution 

(6%, 6 bed volumes) was. passed through the column at the.: same rate, followed by DI 

S water (about 60 bed volumes) to remove ammonium hydroxid.e. The ·pH of ~Jie 

eftluent water was measured to assure that it matched the pH of 6 for fresh deionized 

water. 2 bed volumes of electronoc grade acetone was passed through the column to 

remove water, followed by 2 bed volumes of PGMEA to remove acetone. The 

ammonium salt of the chelated ion exchange resin and PGMEA slurry was transferred 

10 to a metals ftee· bottle. 

242 grams of novolak. resin solution in PGMEA(400/o) containing about 79 

ppb of sodium and over 1000 ppb of iron was taken in a metals free flask equipped 

with stirrer and. a thermometer, and 3~ grams of the ammonium salt of chelated ion 

· exchange resin was added. It was heated. for eight hours at 90°C on stirring. The 

15 mixture was cooled. to 40°C and filtered through. 0.2µm tilter. The resin solution 

obtained had a very low level of metal ions as follows: sodium 1 S ppb and iron 66 

ppb. 

20 

25 

30 

Example S 

Example 3 was repeated and 242 grams of a 40 percent· solution of novolak 

resin in PG:M.EA containing about 79 ppb of sodium and ·about 1S6 ppb ·of ir(Jn was 

treated. The resin solution. obtained had a very low level of metal ions as follows: 

sodium - 10 ppb, iron - 17 ppb. 

Example6 

Example 3 was repeated and 242 grmhs. of a: 40 perceni solution of novolak 

resin in PGMEA containing about 79 ppb •of .sodium and about 186 ppb of i~on was 

treated. The resin solution obtained had a very low level of metal ions as follows: 

sodium - 11 ppb, iron - 14 ppb 

c 
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Example7 

Example 3 was repeated and 242 grams of a 40 percent solution of novolak · 

resin in PGMEA containing about 45 ppb of sodium and ~out 222 ppb of iron,9 ppb 

of potassium, 79 ppb of calcium, 10 ppb of aluminum, was treated. The resin· 

5 solution obtained had a very low l~el of metal ions as follows: sodium - 18 ppb, iron. 

- <5 ppb, potassium <5 ppb, calcium, <5 ppb, Aluminum <S ppb. 

Examples 

·200 grams of Amberlite® IRC 718 chelating ion exchange resin beads were 

·I 0 placed in a conical flask and deionized water was added so that all of the resin beads 

were under ~ter. The flask was sealed and allowed to stand for half an hour to swell 

the resin beads. The water was decanted, deionized water added to caver 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. A 10 

IS- percent sulfuric acid solution (300 g) was added and stirred for 30 minutes by 

magnetic stirrer and then was allowed to settle. The acid solution was decanted. The 

process was repeated for 3 times. 300 g of DI water was added and stirred for 30 

minutes and then allowed to settled. Water was decanted. The process was repeated 

3 more times. The same process was repeated with electronic grade acetone to 

20 remove water, followed by PGMEA to remove acetone. The chelated ion exchange 

resin (acid fonn) and PG:MEA sluny was transferred to a metals ftee bottle. 

240 grams of novolak resin· solution in PGMEA( 400.4) containing about 79 

ppb of sodium and over I 000 ppb of iron w.as taken in a metals free flask equipped 

with stirrer and a thermometer and 35 grams of chelated ion exchange resin (acid 

25 form) was added. It was heated for eight hours at 90°C on stirring. The mixture was 

cooled to 40°C and filtered through 0.2µm filter. The resin solution obtained had a· 

very low level of metal ions as follows: sodium 19 ppb and iron 23 ppb. 
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Comparative Example 

Example 1 and example 3 were repeated without he&tin$, and it was fol.ind that ·. 

monovalent metal, such as sodium was reduced by about 50% but, multi-valent metal 
' 

ions such as iron were not reduced at all, i.e., starting at '>1000 ppb of iron before 

· S. treatment and ~he level of iron remained the saine. 

Exarople9 

A 50 gram photoresist test sample was prepared according to the following 

formulation: 

10 RI292 2.51 gm 

Resin ftom Example 1 11.46 gm 

PGMEA 36.00gm. 

10% FC-430 PGMEA solution 0.13 gm 

15 The Resist sample was coated on a HMDS primed silicon wafer to 1.29 inm 

thickness using soft bake at 110°C for 60 seconds on the I line hot plate (SVG 8100). 

The reference is also coated to 1.29 mn:a thickness by the same procedure. The 

exposure matrix is printed on the coated wafers using a 0.54 NA NIKON i-line 

stepper and a NIKON resolution reticle. The exposed wafers are PEB at l 10°C for 

20 60 seconds on a· in line hot plate. The wafers are then developed using AZ® 300 

MIF-TMAH developer. The developed wafers are examined. by a HITACHI® S-400 

SEM A nominal dose (Dose to Print, DTP) is measured. at the best focus, the dose 

reqtiired to precisely . replicate a given feature. DTP, resolution and focus latitude 

were measured and are shown below: 

25 

Photospeed 180 mI/cm2. 

Resolution 0.4mm 

Depth of focus+o.2/-0.4 

f 
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CLAIMS: 

I. A method for producing a water insoluble, aqueous alkali soluble novolak 

having a very low level of metal ions comprising: 

a) 1) treating a chelating ion exchange resin in a column or in a batch 

process with deionized water, followed by a mineral acid solution · 

again treating With DI water, and thereby reducing the level of sodium 

and iron ions in the ion exchange resin to less than 200 ppb each, or: 

2) treating a chelating ion exchange resin in a column or in a batch 

process with DI water, followed by a mineral acid soluti~n. again 

treating with DI water, followed by treating with ammonium hydroxide 

solution and thereby converting the ion exchange ·resin to an 

ammonium salt, followed by again treating with DI water, and thereby 

reducing the level of sodium and iron ions in the ion ecchange resin to 

less than 200 ppb each; treating with electronic grade acetone to 

remove water, followed by treating with PGMEA to remove acetone; 

b) either: 1) passing a solution· of novolak resin in PGMEA at a 

temperature of 30 to 1 S0°C, through· the aminonium chelating ion 

exchange resin bed at a rate such that the residence time is more than 

1 O minutes and thereby reducing the level of sodium and iron ions in 

the ·solution to less than I 00 ppb each;. 

or: 2) mixing a solution of novolak resin in PGMEA with the treated 

ammonium salt of the chelated ion exchange resin or the acid form of 

the chelated ion exchange resin at a temperature from JO to 150°C, for 

1 to 80 hours, followed by filtering through 0.01 to 0.2 µm filter and 

thereby reducing the .level of sodium and iron ions in the solution to 

less than 100 ppb each. 

2. The method of claim I wherein said ion exchange resin is washed to reduce 

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

I 1111111111111 11111 1111111 llll 
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3. · A method for producing a positive photoresist composition comprising: 

a) 1) treating a chelating ion exchange resin in a column or in a batch 

process with deionized water, foUowed .by a mineral acid solution, 
' 

again u:eating with DI water, and thereby. reducing the level of sodium 

and iron ions in the ion exchange resin to less than 200 ppb each, or: 

2) treating a chelating ion exchange resin in a column or in a batch 

process with deionized water, followed by a mineral acid solution, 

again treating with DI water, followed. by treating with ammonium 

hydroxide solution and therc:by. converting the ion exchange resin to an 

ammonium salt,· followed.by again treating with DI water, and thereby f. 
redutjng the level of sodium and. iron ions in the ion exchange resin to 

less than 200 ppb each, treating with .. electrc>nic grade acetone to 

reinove water, followed by treating with PGMEA to remove acetone; 

b) either: I) passing a solution of novolak r~sin in PG:MEA at a 
temperature of 30 to 150°C, ~hrough the ammonium chelating ion 

exchange resin bed at a rate such that the residence time is more than 

l O minutes and thereby reducing the level of sodium and iron ions in 

the solution to less than 100 ppb each; 

or: 2) mixing a solution of novolak reSin in PGMEA with the treated 

ammonium salt of the chelated ion exchange resin or the acid form 

chelated ion exchange resin at a temperature in the range of30 to 150° 

C, for 1 to 80 hours, followed by filtering through a 0.01 to 0.1 µm 

filter and thereby reducing .the level· of sodium and Iron ions in the 

solution to less than 200 ppb each; 

c) providing an admixture of: . 1) a photosensitive component in an 

amount sufficient to photos~tize ·the photoresist composition, 2) 

said water insoluble, aqueous· alkali soluble novolak resin and 3) a 

suitable photoresist solvent. 

11111111111111 11111 1111111:1111. 
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4. The method of claim 3 wherein said ion exchange resin is washed to reduce 

the sodium and iron level to less than 100 ppb each. 

S. The method of claim 3 wherein said photoresist Solvent is selected from the 

group consi~ of propylene glycol methyl ether acetate, ethyl. l~e and ethy~3-

ethoxypropionate. 

6. A method for producing a semiconductor device by producing a photo-image 

on a suitable substrate comprising: · 

a) 1) . treating a chelating ion exchange resin in a column or in a batch 

process with deionized water, followed by a minet2'.l acid solution, 

again treating wjth DI water, and thereby reducing the level of sodium· 

and iron ions in the ion exchange resin to less than 200 ppb each, or: 

2) treating a chelating ion exchange exchange resin in a column or in a 

batch process With deionized water, followed by a mineral acid 

solution, treating again with DI water, followed by treating with an 

ammonium hydroxide solution and thereby converting the ion 

exchange resin to its ammonium salt,followed by again treating with 

DI water, and thereby reducing the level of sodium and iron ions in the 

ion exchange resin to less than 100 ppb each, treating with electronic 

grade acetone to remove water, followed by treating with PGMEA to 

remove acetone; 

b) either: 1) passing a solution of novolak: resin in PGMEA at a 

temperature of 30 to 150°C, through _the ammonium chelating ion 

exchange resin bed at a rate such that· the residence time is rnore than 

10 minutes and thereby reducing the ·tevel of sodium and iron ions in 

the solution to less than 200 ppb each; or: 2) mixing a so~ution of 

novolak reSin in PGl\.fEA with the treated ammonium salt of the 

chelated ion exchange resiri or the acid fonn of the chelated ion 

exchange resin at a temperature in the range of30 to 150°C~ for 1 to 

111111111111111111111111111111 
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80 hours, followed by filtering through· a 0.01 to 0.1 µm filter and 

thereby reducing the level of sodium and iron ions in the solution to 

less than 100 ppb each; 

c) providing an admixture of: I) a photoseiisitive component in an 

amount sufficient to _photosensitize the photoresist composition, 2) 

said water insoluble, aqueous alkali soluble novolak resin and 3) a 

suitable photoresist solvent; 

d) coating a suitable substrate with said photoresist composition; 

e) heat treating the coated substrate until substantially all of the solvent is 

removed; 

f) image-wise exposing said photoresist composition; and 

g) removing the image-wise exposed areas of said · photoresist 

composition with a. suitable developer. 

7. The method of clailn 6 wherein said ion exchange resin is washed to reduce 

the total sodium and iron level to less than 100 ppb. 

8. The· method of claim 6 wherein said solvent is selected ftom the group 

consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-

ethox:ypropionate. 

9. . The method of claim 6 wherein said developer comprises an aqueous alkaline . 

developer. 

10. The method of claim 6 further comprising the step of making the coated 

· substrate immediately before or after the removing step. . 

l l. The method of claim 6 wherein the sodium and iron ion level of the novolak 

resin is reduced to less than 50 ppb each. 

\ \lllll\ """ Ill" ""' " \II\ . * C L M S * 
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12. . The method of claim 6 wherein said ion exchange resin is washed to reduce 

the total sodium and iron level to less than 100 ppb. 

13. The method of claim 6 wherein said novolak resin produced has a sodium and 

iron ion level of less than 20 ppb each. 

14. The method of claim 6 wherein said solvent is selected from the group 

consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-

ethoxypropionate. 

15. The method of claim 6 wherein the novolak resin solvent and the solvent used 

for washing said ion exchange resin are identical. 

16. The method of claim 6 wherein the novolak resin solvent, the solvent used for 

washing said ion exchange resin and the solvent for said photoresist composition are 

all identical. 
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