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DESCRIPTION 

 

Title of Invention: ORGANIC PROCESSING LIQUID FOR PATTERNING CHEMICAL 

AMPLIFICATION RESIST FILM, CONTAINER FOR ORGANIC PROCESSING LIQUID 

FOR PATTERNING CHEMICAL AMPLIFICATION RESIST FILM, AND PATTERN 

FORMING METHOD, METHOD OF MANUFACTURING ELECTRONIC DEVICE, AND 

ELECTRONIC DEVICE USING THE SAME 

 

Technical Field 

[0001] 

The present invention relates to an organic processing liquid for patterning a chemical 

amplification resist film, a container for the organic processing liquid for patterning the 

chemical amplification resist film, and a pattern forming method, a method of manufacturing 

an electronic device, and the electronic device using the same.  More particularly, the present 

invention relates to an organic processing liquid for patterning a chemical amplification resist 

film, a container for the organic processing liquid for patterning the chemical amplification 

resist film, and a pattern forming method, a method of manufacturing an electronic device, and 

the electronic device using the same, which are suitable for a manufacturing process of a 

semiconductor such as an IC, a manufacturing process of a circuit board of, for example, a 

liquid crystal or a thermal head, and other lithography processes of photofabrication.  

Particularly, the present invention relates to an organic processing liquid for patterning a 

chemical amplification resist film, a container for the organic processing liquid for patterning 

the chemical amplification resist film, and a pattern forming method, a method of 

manufacturing an electronic device, and the electronic device using the same, which are 

suitable for the exposure in an ArF exposure apparatus or an ArF immersion-type projection 

exposure apparatus, which uses far-ultraviolet rays having a wavelength of 300 nm or less as a 

light source. 

 

Background Art 

[0002] 

There have been conventionally suggested various configurations as a positive pattern 

forming method using an alkali developer, and a positive resist composition used for the 

method (see, e.g., Patent Documents 1 to 3).  In addition, a negative pattern forming method 

using an organic developer and a negative resist composition used for the method have 
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recently been developed mainly for the purpose of a fine contact hole or trench pattern 

formation which may not be achieved by the positive resist composition (see, e.g., Patent 

Documents 4 to 7). 

[0003] 

The organic developer used for the negative pattern forming method is supplied in the 

same manner as in an organic solvent (a thinner or a stripper) conventionally used in the 

electronic industry. 

Here, it is required that a supply container of a chemical liquid for the electronic 

industry does not cause an increase of impure particles during storage or transport, a 

degeneration of components, a quantitative change in the composition, an increase of impure 

metal elements, or a decrease in quality caused by a deterioration of a photosensitive 

component due to light. 

As for a container satisfying this requirements, for example, a polytetrafluoroethylene 

or polyolefin-based high purity resinous container has been known (See, Patent Documents 8 

and 9), but from the viewpoint of cost, a polyolefin-based high purity resinous container is 

generally used. 
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Summary of Invention 

[0005] 

However, a need for further miniaturization in the formation of a contact hole or a 

trench pattern (for example, to 30 nm node or less) has recently been rapidly increased.  In 
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response to this, an occurrence of particles likely to affect, especially, the performance of a 

fine pattern is required to be further suppressed. 

[0006] 

The present invention has been made in consideration of the problems described above, 

and an object thereof is to provide an organic processing liquid for patterning a chemical 

amplification resist film, which is capable of reducing occurrence of particles, a container for 

the organic processing liquid for patterning the chemical amplification resist film, and a 

pattern forming method, a method of manufacturing an electronic device, and the electronic 

device using the same, in a negative pattern forming method for forming a fine pattern (for 

example, 30 nm node or less) particularly using an organic developer. 

[0007] 

The present inventors minutely investigated a container for an organic developer in 

consideration of the problems described above, and found that the organic developer contained 

in a general-purpose container represented by a polyolefin-based high purity resinous 

container is a main cause of occurrence of the particles.  Then, the inventors found that 

concentrations of certain types of impurities are reduced in an organic developer contained in 

a particular container, and further the use of the organic developer may reduce the occurrence 

of particles which may be problematic in a fine pattern (for example, 30 nm node or less), and 

completed the present invention based on these findings. 

[0008] 

In one aspect, there is provided a pattern forming method comprising: (A) forming a 

film from a chemical amplification resist composition by applying the chemical amplification 

resist composition on a substrate; (B) pattern exposing the film; and (C) developing the 

exposed film using an organic developer, wherein the organic developer is butyl acetate 

containing 1 ppm or less of alkylolefin having a carbon number of 22 or less, and 5 ppm or 

less of metal element concentration of each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni and 

Zn; the organic developer is stored in a container before developing, the container having an 

inner wall contacting with the organic developer, the inner wall being made from a perfluoro 

resin; and the organic developer is filtered through a polytetrafluoroethylene filter before the 

developing step (C). 

In another aspect, there is provided a method of manufacturing an electronic device, 

the method comprising the pattern forming method as described herein. 

In yet another aspect, there is provided an electronic device manufactured by the 

method as described herein. 

That is, the present invention has the following configuration, and thus the above 



3a 

described object of the present invention is achieved. 

[0009] 

[1] An organic processing liquid for patterning a chemical amplification resist film, 

in which the organic processing liquid contains 1 ppm or less of alkylolefin having a carbon 

number of 22 or less, and 5 ppm or less of a metal element concentration of each of Na, K, Ca, 

Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and, Zn. 

[2] The organic processing liquid described in [1], in which the organic processing 

liquid is an organic developer. 

[3] The organic processing liquid described in [2], in which the organic developer 

is butyl acetate. 

[4] The organic processing liquid described in [1], in which the organic processing 

liquid is an organic rinsing liquid. 

[5] The organic processing liquid described in [4], in which the organic rinsing 
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liquid is 4-methyl-2-pentanol or butyl acetate. 

[6] A container of an organic processing liquid for patterning a chemical 

amplification resist film, the container having a housing portion in which the organic 

processing liquid described in any one of [1] to [5] is contained, in which the housing portion 

has an inner wall to come in contact with the organic processing liquid, the inner wall being 

made of a resin different from at least one kind of resin selected from the group consisting of a 

polyethylene resin, a polypropylene resin, and a polyethylene-polypropylene resin, or a metal 

subjected to a rust-prevention/metal elution prevention treatment. 

[7] The container described in [6], in which the resin different from the at least one 

kind of resin selected from the group consisting of a polyethylene resin, a polypropylene resin, 

and a polyethylene-polypropylene resin is a perfluoro resin. 

[8] A pattern forming method including: (A) forming a film by a chemical 

amplification resist composition, (B) exposing the film, and (C) developing the exposed film 

using an organic developer, 

in which the organic developer is the organic processing liquid described in [2] or [3]. 

[9] The pattern forming method described in [8], further including: performing a 

washing step using an organic rinsing liquid after the developing of the exposed film using the 

organic developer, 

in which the organic rinsing liquid is the organic processing liquid described in [4] or 

[5]. 

[10] The pattern forming method described in [9], in which the organic developer is 

the organic processing liquid for patterning a chemical amplification resist film described in 

[3], and the organic rinsing liquid is the organic processing liquid for patterning a chemical 

amplification resist film described in [5]. 

[11] The pattern forming method described in any one of [8] to [10], in which the 

developing of the exposed film using the organic developer is performed by using a 

developing apparatus mounted with a filter for a processing liquid, in which the organic 

developer passes through the filter for the processing liquid to be used in development. 

[12] A method of manufacturing an electronic device, the method including the 

pattern forming method described in any one of [8] to [11]. 

[13] An electronic device manufactured by the method described in [12]. 

[0010] 

According to the present invention, in a negative pattern forming method for forming a 

fine pattern (for example, 30 nm node or less) particularly using an organic developer, there 
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may be provided an organic processing liquid for patterning the chemical amplification resist 

film which may reduce occurrence of particles, a container for the organic processing liquid 

for patterning the chemical amplification resist film, and a pattern forming method, a method 

of manufacturing an electronic device, and the electronic device using the same. 

 

Description of Embodiments 

[0011] 

Hereinafter, exemplary embodiments of the present invention will be described in 

detail. 

In the present specification, when a group (atomic group) is denoted without specifying 

substitution or unsubstitution, the group may not include a substituent or include a substituent.  

For example, an “alkyl group” may include not only an alkyl group not having a substituent 

(unsubstituted alkyl group), but also an alkyl group having a substituent (substituted alkyl 

group). 

 In the present specification, “actinic ray” or “radiation” indicates, for example, a bright 

line spectrum of a mercury lamp, a far-ultraviolet ray represented by excimer laser, an 

extreme-ultraviolet ray (EUV light), an X-ray, or an electron beam (EB).  Also, in the present 

invention, the light means an actinic ray or radiation. 

 Also, in the present specification, unless otherwise specifically indicated, “exposure” 

includes not only the exposure to a mercury lamp, a far-ultraviolet ray represented by excimer 

laser, an extreme-ultraviolet ray, an X-ray, or EUV light, but also drawing performed by a 

corpuscular beam such as an electron beam and an ion beam. 

[0012] 

In an organic processing liquid for patterning a chemical amplification resist film, 

according to the present invention, a content of alkylolefin having a carbon number of 22 or 

less is 1 ppm or less, and a metal element concentration of each of Na, K, Ca, Fe, Cu, Mg, Mn, 

Li, Al, Cr, Ni, and, Zn is 5 ppm or less. 

When the organic processing liquid satisfies the requirements described above, an 

occurrence of particles which may be problematic in, especially, a fine pattern (for example, 

30 nm node or less) may be reduced. 

That is, when the content of alkylolefin having a carbon number of 22 or less is higher 

than 1 ppm, or the concentration of at least any one of the metal elements including Na, K, Ca, 

Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and Zn is higher than 5 ppm, there is a tendency that 

considerable particles may occur, particularly, in a fine pattern (for example, 30 nm node or 
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less). 

In the organic processing liquid for patterning the chemical amplification resist film, 

according to the present invention, the content of alkylolefin having a carbon number of 22 or 

less is preferably 0.5 ppm or less, and more preferably 0.3 ppm or less.  It is most preferable 

that alkylolefin having a carbon number of 22 or less is not present.  However, if such 

alkylolefin is present, its content is generally 0.001 ppm or more. 

In the organic processing liquid for patterning the chemical amplification resist film, 

according to the present invention, a metal element concentration of each of Na, K, Ca, Fe, Cu, 

Mg, Mn, Li, Al, Cr, Ni, and, Zn is preferably 4 ppm or less, and more preferably 3 ppm or less.  

It is most preferable that none of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and Zn are 

present.  However, if any one of these metal elements is present, a minimum of the 

concentration of the existing metal element is generally 0.001 ppm or more. 

[0013] 

The content of alkylolefin having a carbon number of 22 or less may be measured 

according to a gas chromatography mass spectrometry (e.g., GCMS-QP2010 (a gas 

chromatography mass spectrometer) manufactured by Shimadzu Corporation) connected to a 

pyrolysis apparatus (e.g., PY2020D manufactured by Frontier Lab). 

The metal element concentration of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and Zn 

may be measured according to an inductively coupled plasma mass spectrometry (e.g., an 

inductively coupled plasma mass spectrometer, Agilent 7500cs (ICP-MS equipment) 

manufactured by Agilent Technologies, Inc.). 

[0014] 

The organic processing liquid for patterning the chemical amplification resist film is 

generally an organic developer, or an organic rinsing liquid.  Typically, the organic 

processing liquid is an "organic developer" in a pattern forming method or an “organic rinsing 

liquid" in washing.  The pattern forming method includes (a) forming a film by a chemical 

amplification resist composition, (b) exposing the film, and (c) developing the exposed film 

using the organic developer, and may further include performing washing using the organic 

rinsing liquid after the step (c). 

[0015] 

The organic developer refers to a developer containing an organic solvent.  The 

amount of the organic solvent used in the organic developer ranges preferably from 90% by 

mass to 100% by mass with respect to the total amount of the developer, and more preferably 

from 95% by mass to 100% by mass. 



7 

[0016] 

As for the organic developer, a polar solvent such as a ketone-based solvent, an 

ester-based solvent, an alcohol-based solvent, an amide-based solvent and an ether-based 

solvent, and a hydrocarbon-based solvent may be used. 

 Examples of the ketone-based solvent include 1-octanone, 2-octanone, 1-nonanone, 

2-nonanone, acetone, 2-heptanone (methyl amyl ketone), 4-heptanone, 1-hexanone, 

2-hexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone, phenylacetone, methyl 

ethyl ketone, methyl isobutyl ketone, acetyl acetone, acetonyl acetone, ionone, diacetonyl 

alcohol, acetyl carbinol, acetophenone, methyl naphthyl ketone, isophorone, propylene 

carbonate and the like. 

Examples of the ester-based solvent include methyl acetate, butyl acetate, ethyl acetate, 

isopropyl acetate, pentyl acetate, isopentyl acetate, amyl acetate, propylene glycol 

monomethyl ether acetate, ethylene glycol monoethyl ether acetate, diethylene glycol 

monobutyl ether acetate, diethylene glycol monoethyl ether acetate, ethyl-3-ethoxypropionate, 

3-methoxybutyl acetate, 3-methyl-3-methoxybutyl acetate, methyl formate, ethyl formate, 

butyl formate, propyl formate, ethyl lactate, butyl lactate, propyl lactate and the like. 

Examples of the alcohol-based solvent include an alcohol such as methyl alcohol, ethyl 

alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol, 

isobutyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl alcohol and n-decanol, a 

glycol-based solvent such as ethylene glycol, diethylene glycol and triethylene glycol, a glycol 

ether-based solvent such as ethylene glycol monomethyl ether, propylene glycol monomethyl 

ether, ethylene glycol monoethyl ether, propylene glycol monoethyl ether, diethylene glycol 

monomethyl ether, triethylene glycol monoethyl ether and methoxymethyl butanol, and the 

like. 

Examples of the ether-based solvent include, in addition to the glycol ether-based 

solvents, dioxane, tetrahydrofuran and the like. 

As the amide-based solvent, it is possible to use, for example, N-methyl-2-pyrrolidone, 

Ν,Ν-dimethylacetamide, N,N-dimethylformamide, hexamethylphosphoric triamide, 

l,3-dimethyl-2-imidazolidinone and the like. 

Examples of the hydrocarbon-based solvent include an aromatic hydrocarbon-based 

solvent such as toluene and xylene, and an aliphatic hydrocarbon-based solvent such as 

pentane, hexane, octane and decane. 

A plurality of the above-described solvents may be mixed, or the solvents may be used 

by being mixed with a solvent other than those described above or with water.  However, in 
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order to sufficiently exhibit the effects of the present invention, the water content ratio of the 

entire developer is preferably less than 10% by mass, and it is more preferred that the 

developer contains substantially no moisture. 

In particular, the organic developer is preferably a developer containing at least one of 

organic solvent selected from the group consisting of a ketone-based solvent, an ester-based 

solvent, an alcohol-based solvent, an amide-based solvent and an ether-based solvent. 

[0017] 

The vapor pressure of the organic developer is preferably 5 kPa or less, more 

preferably 3 kPa or less, and particularly preferably 2 kPa or less, at 20°C.  By adjusting the 

vapor pressure of the organic developer to 5 kPa or less, evaporation of the developer on a 

substrate or in a development cup is suppressed so that the temperature uniformity in the wafer 

plane is improved, and as a result, the dimensional uniformity in the wafer plane is improved. 

[0018] 

In the organic developer, a surfactant may be added in an appropriate amount, if 

necessary. 

The surfactant is not particularly limited but, for example, ionic or nonionic 

fluorine-based and/or silicon-based surfactant and the like may be used.  Examples of the 

fluorine and/or silicon-based surfactant include surfactants described in Japanese Patent 

Application Laid-Open Nos. S62-36663, S61-226746, S61-226745, S62-170950, S63-34540, 

H7-230165, H8-62834, H9-54432 and H9-5988, and U.S. Patent Nos. 5,405,720, 5,360,692, 

5,529,881, 5,296,330, 5,436,098, 5,576,143, 5,294,511 and 5,824,451, and a nonionic 

surfactant is preferred.  The nonionic surfactant is not particularly limited, but a 

fluorine-based surfactant or a silicon-based surfactant is more preferably used. 

The amount of the surfactant in use ranges usually from 0.001% by mass to 5% by 

mass, preferably from 0.005% by mass to 2% by mass, and more preferably from 0.01% by 

mass to 0.5% by mass, based on the total amount of the developer. 

The organic developer is preferably butyl acetate. 

The organic developer may include a nitrogen-containing compound as exemplified in 

Japanese Patent No.5056974, paragraphs 0041 to 0063.  In view of, for example, the storage 

stability of the developer, the nitrogen-containing compound may be added to the organic 

developer preferably immediately before the pattern forming method of the present invention 

is performed. 

[0019] 

The organic rinsing liquid refers to a rinsing liquid containing an organic solvent, and 
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the amount of the organic solvent used in the organic rinsing liquid ranges preferably from 

90% by mass to 100% by mass with respect to the total amount of the rinsing liquid, more 

preferably from 95% by mass to 100% by mass, and more preferably from 95% by mass to 

100% by mass. 

[0020] 

There is no particular limitation in the organic rinsing liquid, as long as it does not 

dissolve a resist pattern, and a solution including a general organic solvent may be used.  As 

for the rinsing liquid, a rinsing liquid containing at least one of organic solvent selected from 

the group consisting of a hydrocarbon-based solvent a ketone-based solvent, an ester-based 

solvent, an alcohol-based solvent, an amide-based solvent and an ether-based solvent may be 

preferably used. 

Specific examples of the hydrocarbon-based solvent, the ketone-based solvent, the 

ester-based solvent, the alcohol-based solvent, the amide-based solvent and the ether-based 

solvent may be the same as those described in the organic developer. 

Among them, the organic rinsing liquid is preferably 4-methyl-2-pentanol or butyl 

acetate. 

[0021] 

The water content ratio in the organic rinsing liquid is preferably 10% by mass or less, 

more preferably 5% by mass or less, and particularly preferably 3% by mass or less.  By 

setting the water content ratio to 10% by mass or less, good development characteristics may 

be obtained. 

[0022] 

The vapor pressure of the organic rinsing liquid ranges preferably from 0.05 kPa to 5 

kPa, more preferably from 0.1 kPa to 5 kPa, and most preferably from 0.12 kPa to 3 kPa, at 

20°C.  By setting the vapor pressure of the rinsing liquid to range from 0.05 kPa to 5 kPa, the 

temperature uniformity in the wafer plane is improved, and furthermore, swelling caused by 

permeation of the rinsing liquid is suppressed, and as a result, the dimensional uniformity in 

the wafer plane is improved. 

[0023] 

In the organic rinsing liquid, a surfactant described above may be added and used in an 

appropriate amount. 

[0024] 

In the organic processing liquid for patterning the chemical amplification resist film, 

according to the present invention (typically, an organic developer or an organic rinsing 
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liquid), as described above, a content of alkylolefin having a carbon number of 22 or less is 1 

ppm or less, and a metal element concentration of each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, 

Cr, Ni, and, Zn is 5 ppm or less. 

For example, how to obtain the organic processing liquid of the present invention is not 

particularly limited, as long as the conditions described above are satisfied.  The organic 

processing liquid may be properly obtained as follows.  As for a container of the organic 

processing liquid for patterning the chemical amplification resist film, a container having a 

housing portion is prepared.  The housing portion has an inner wall to come in contact with 

the organic processing liquid, and the inner wall is made of a resin different from at least one 

kind of resin selected from the group consisting of a polyethylene resin, a polypropylene resin, 

and a polyethylene-polypropylene resin, or a metal subjected to a rust-prevention/metal elution 

prevention treatment.  The organic solvent to be used as for the organic processing liquid for 

patterning the chemical amplification resist film is contained in the housing portion of the 

container, and is discharged from the housing portion at the patterning of the chemical 

amplification resist film. 

[0025] 

Accordingly, the present invention also relates to the container of the organic 

processing liquid for patterning the chemical amplification resist film.  The container of the 

organic processing liquid for patterning the chemical amplification resist film includes the 

housing portion configured to contain the above described organic processing liquid for 

patterning the chemical amplification resist film of the present invention, and a sealing portion 

configured to seal the housing portion.  The inner wall of the housing portion which comes in 

contact with the organic processing liquid is made of a resin different from at least one kind of 

resin selected from the group consisting of a polyethylene resin, a polypropylene resin, and a 

polyethylene-polypropylene resin, or a metal subjected to a rust-prevention/metal elution 

prevention treatment. 

[0026] 

When the organic processing liquid is contained in the housing portion of the container, 

the condition “a content of alkylolefin having a carbon number of 22 or less is 1 ppm or less, 

and a metal element concentration of each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and, 

Zn is 5 ppm or less” of the present invention may be properly satisfied.  The reason for this is 

not fully clarified, but is presumed as follows. 

That is, when in the container, the inner wall of the housing portion which comes in 

contact with the organic processing liquid is made of at least one kind of resin selected from 
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the group consisting of a polyethylene resin, a polypropylene resin, and a 

polyethylene-polypropylene resin, or a metal which has not been subjected to a 

rust-prevention/metal elution prevention treatment, the organic processing liquid comes in 

contact with the at least one resin or the metal which has not been subjected to the 

rust-prevention/metal elution prevention treatment during a general period (e.g., one week to 

one year) from filling of the organic processing liquid into the housing portion to discharge of 

the organic processing liquid from the housing portion at the time of patterning the chemical 

amplification resist film.  Thus, a low molecular olefin (considered to remain in the synthesis 

process of the resin) contained in the resin is eluted in the organic processing liquid, and it is 

hard to satisfy the condition “a content of alkylolefin having a carbon number of 22 or less is 1 

ppm or less, and a metal element concentration of each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, 

Cr, Ni, and, Zn is 5 ppm or less.”  In contrast, it is assumed that according to the container of 

the present invention, as described above, since a resin different from at least one kind of resin 

selected from the group consisting of a polyethylene resin, a polypropylene resin, and a 

polyethylene-polypropylene resin, or a metal subjected to a rust-prevention/metal elution 

prevention treatment is used, the organic processing liquid of the present invention which 

satisfies the above described condition is obtained. 

[0027] 

When the container further includes the sealing portion for sealing the housing portion, 

the sealing portion may also be preferably made of a resin different from at least one kind of 

resin selected from the group consisting of a polyethylene resin, a polypropylene resin, and a 

polyethylene-polypropylene resin, or a metal subjected to a rust-prevention/metal elution 

prevention treatment. 

Here, the sealing portion refers to a member capable of shielding the housing portion 

from an outside air, and, for example, a packing or an O-ring may be properly exemplified. 

[0028] 

The resin different from at least one kind of resin selected from the group consisting of 

a polyethylene resin, a polypropylene resin, and a polyethylene-polypropylene resin is 

preferably a perfluoro resin. 

[0029] 

As for the perfluoro resin, a polytetrafluoroethylene resin (PTFE), a 

tetrafluoroethylene·perfluoroalkylvinyl ether copolymer (PFA), a 

tetrafluoroethylene-hexafluoropropylene copolymer resin (FEP), an ethylene 

tetrafluoroethylene copolymer resin (ETFE), an ethylene chlorotrifluoroethylene copolymer 
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resin (ECTFE), a polyvinylidene resin (PVDF), a polychlorotrifluoroethylene copolymer resin 

(PCTFE), or a polyvinyl fluoride resin (PVF) may be exemplified. 

In particular, as a preferred perfluoro resin, a tetrafluoroethylene resin, a 

tetrafluoroethylene·perfluoroalkylvinyl ether copolymer, or a 

tetrafluoroethylene-hexafluoropropylene copolymer resin may be exemplified. 

[0030] 

In the metal subjected to the rust-prevention/metal elution prevention treatment, as for 

the metal, carbon steel, alloy steel, nickel-chrome steel, nickel chrome molybdenum steel, 

chrome steel, chrome molybdenum steel, or manganese steel may be exemplified. 

As for the rust-prevention/metal elution prevention treatment, a coating technique may 

be preferably applied. 

The coating technique is largely divided into three kinds of coatings such as metal 

coating (various platings), inorganic coating (e.g., various chemical conversion treatments, 

glass, concrete, ceramics) and organic coating (rust preventive oil, paint, rubber, plastics). 

As a preferred coating technique, a surface treatment using a rust preventive oil, a rust 

inhibitor, a corrosion inhibitor, a chelate compound, a peelable plastic, or a lining agent may 

be exemplified. 

Among them, various corrosion inhibitors such as chromate, nitrite, silicate, phosphate, 

carboxylic acids (such as an oleic acid, a dimer acid, or a naphthalenic acid), a carboxylic acid 

metallic soap, sulfonate, amine salt, esters (a glycerin ester or a phosphate ester of a higher 

fatty acid), chelate compounds such as an ethylenediaminetetraacetic acid, a gluconic acid, a 

nitrilotriacetic acid, a hydroxyethylethylenediaminetriacetic acid, or a 

diethylenetriaminepentaacetic acid, and a fluorine resin lining are preferred.  In particular, a 

phosphate treatment and a fluorine resin lining are preferred. 

A “pre-treatment” may be preferably employed as a processing method which leads to 

extension of an anti-rust period through a coating treatment at a pre-stage of the 

rust-prevention treatment although not directly preventing rust unlike a direct coating 

treatment. 

As for a specific example of such a pre-treatment, a treatment for removing various 

corrosive factors, such as chloride or sulfate, present on a metal surface through washing or 

polishing may be properly exemplified. 

[0031] 

Hereinafter, descriptions will be made on a pattern forming method using the above 

described organic processing liquid for patterning the chemical amplification resist film 
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according to the present invention. 

[0032] 

The pattern forming method of the present invention includes: 

(A) forming a film (chemical amplification resist film) by a chemical amplification 

resist composition, 

(B) exposing the film, and 

(C) developing the exposed film using an organic developer. 

Here, the organic developer in step (C) is an organic developer as the above described 

organic processing liquid for patterning the chemical amplification resist film according to the 

present invention, and specific and preferred examples thereof are the same as described 

above. 

[0033] 

The exposure in exposing of the film may be immersion exposure. 

The pattern forming method of the present invention may preferably include a heating 

step after the exposing step. 

The pattern forming method of the present invention may preferably further include a 

developing step using an alkali developer. 

In the pattern forming method of the present invention, the exposing step may be 

performed a plurality of times. 

In the pattern forming method of the present invention, the heating step may be 

performed a plurality of times. 

[0034] 

In the pattern forming method of the present invention, the exposing step, and the 

developing step may be performed according to a conventionally known method. 

[0035] 

The method may preferably include a prebaking step (PB) after the film is formed 

before the exposing step. 

The method may also preferably include a post exposure baking step (PEB) after the 

exposing step before the developing step. 

In both the PB and PEB steps, the heating for may be preferably performed at a 

temperature ranging from 70°C to 130°C, and more preferably from 80°C to 120°C. 

The heating time ranges preferably from 30 sec to 300 sec, more preferably 30 sec to 

180 sec, and further preferably 30 sec to 90 sec. 

 The heating may be performed using a means equipped with a conventional 
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exposure/developing machine or may be performed using, for example, a hot plate. 

 By means of baking, the reaction in the exposed area is accelerated, and thus the 

sensitivity or pattern profile is improved. 

[0036] 

The light source wavelength used in the exposure apparatus in the present invention is 

not limited, but examples of the light source may include an infrared light, a visible light, an 

ultraviolet light, a far ultraviolet light, an extreme-ultraviolet light, an X-ray, an electron beam 

and the like.  The light source may be a far ultraviolet light at a wavelength of preferably 250 

nm or less, more preferably 220 nm or less, and particularly preferably 1 nm to 200 nm.  

Specifically, the light source may be a KrF excimer laser (248 nm), an ArF excimer laser (193 

nm), a F2 excimer laser (157 nm), an X-ray, an EUV (13 nm), an electron beam or the like.  

A KrF excimer laser, an ArF excimer laser, an EUV or an electron beam is preferred, and an 

ArF excimer laser is more preferred. 

[0037] 

Further, in the exposing step of the present invention, an immersion exposure method 

may be applied. 

The immersion exposure method is a technique for increasing the resolution, that is, a 

technique in which a high refractive-index liquid (hereinafter, also referred to as an 

"immersion liquid") is filled between a projection lens and a sample to perform the exposure. 

As described above, for the "effect of immersion", assuming that λ0 is the wavelength 

of exposure light in air, n is the refractive index of the immersion liquid for air, θ is the 

convergence half-angle of beam and NAo = sinθ, the resolution and the depth of focus in 

immersion may be expressed by the following equations.  Here, k1 and k2 are coefficients 

related to the process. 

(Resolution) = k1 (λ0/n)/NA0 

(Depth of focus) = ±k2·(λ0 /n)/ΝΑ0
2  

That is, the effect of immersion is equal to the use of an exposure wavelength having a 

wavelength of 1/n.  In other words, in the case of a projection optical system having the same 

NA, the depth of focus may be made n times larger by the immersion.  This is effective for 

all pattern shapes and may be combined with the super-resolution technology that is being 

now currently studied, such as a phase-shift method and a modified illumination method. 

[0038] 

In the case of performing immersion exposure, a step of washing the surface of the 

film with an aqueous chemical liquid may be performed (1) after forming the film on a 
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substrate and before the exposing step and/or (2) after the step of exposing the film through an 

immersion liquid before the step of heating the film. 

[0039] 

The immersion liquid is preferably a liquid which is transparent to light at the exposure 

wavelength and has a temperature coefficient of refractive index as small as possible in order 

to minimize the distortion of an optical image projected on the film, but particularly, when the 

exposure light source is an ArF excimer laser (wavelength; 193 nm), water is preferably used 

from the viewpoint of easy availability and easy handleability in addition to the 

above-described viewpoint. 

[0040] 

When water is used, an additive (liquid) capable of decreasing the surface tension of 

water and increasing the interfacial activity may be added in a small ratio.  It is preferred that 

the additive does not dissolve the resist layer on the wafer and has only a negligible effect on 

the optical coat at the undersurface of the lens element. 

Such an additive is preferably an aliphatic alcohol having a refractive index almost 

equal to that of, for example, water, and specific examples thereof may include methyl alcohol, 

ethyl alcohol, isopropyl alcohol and the like.  By adding an alcohol having a refractive index 

almost equal to that of water, even when the alcohol component in water is evaporated and the 

content concentration thereof is changed, it is possible to obtain an advantage in that the 

change in the refractive index of the liquid as a whole may be made very small. 

[0041] 

On one hand, when a substance opaque to light at 193 nm or an impurity greatly 

differing from water in the refractive index is incorporated, the incorporation incurs distortion 

of the optical image projected on the resist, and thus, the water to be used is preferably 

distilled water.  Further, pure water filtered through an ion exchange filter or the like may 

also be used. 

[0042] 

The electrical resistance of water used as the immersion liquid is preferably 18.3 

MQcm or more, and TOC (organic concentration) is preferably 20 ppb or less and the water is 

preferably subjected to deaeration treatment. 

Further, the lithography performance may be enhanced by raising the refractive index 

of the immersion liquid.  From the viewpoint, an additive for raising the refractive index may 

be added to water, or heavy water (D2O) may be used in place of water. 

[0043] 
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In the case where the film formed by using the composition in the present invention is 

subjected to exposure through an immersion medium, the aforementioned hydrophobic resin 

(D) may be further added if necessary.  The receding contact angle of the surface is improved 

by the addition of the hydrophobic resin (D).  The receding contact angle of the film 

preferably ranges from 60° to 90° and more preferably is 70° or more. 

In the immersion exposure step, the immersion liquid needs to move on a wafer 

following the movement of an exposure head that scans the wafer at a high speed and forms an 

exposure pattern, and thus the contact angle of the immersion liquid for the resist film in a 

dynamic state is important, and it is required for the resist to be capable of following the 

high-speed scanning of the exposure head without leaving droplets. 

[0044] 

In order to prevent the film from directly coming in contact with the immersion liquid, 

between the film formed using the composition of the present invention and the immersion 

liquid, a film (hereinafter, also referred to as a “topcoat”) sparingly soluble in an immersion 

liquid may be provided.  Examples of a function required of the topcoat may include coating 

suitability to the upper layer portion of the resist, transparency to radiation, particularly, to 

radiation having a wavelength of 193 nm, and poor solubility in the immersion liquid.  It is 

preferred that the topcoat may be uniformly coated onto the upper layer of the resist without 

being mixed with the resist. 

The topcoat is preferably a polymer not containing an aromatic group from the 

viewpoint of the transparency to 193 nm. 

Specific examples of such a polymer include a hydrocarbon polymer, an acrylic acid 

ester polymer, polymethacrylic acid, polyacrylic acid, polyvinyl ether, a silicon-containing 

polymer and a fluorine-containing polymer.  The hydrophobic resin (D) described above is 

suitable also as the topcoat.  If impurities are eluted into the immersion liquid from the 

topcoat, the optical lens is contaminated, and thus it is preferred the amounts of residual 

monomer components of the polymer contained in the topcoat are small. 

[0045] 

When the topcoat is peeled off, a developer may be used, or another peeling agent may 

be used.  As the peeling agent, a solvent that rarely penetrates the film is preferred.  From 

the viewpoint that the peeling process may be performed simultaneously with the developing 

treatment process of the film, it is preferred that the topcoat may be peeled off by an alkali 

developer.  From the viewpoint of peeling off the topcoat with an alkali developer, the 

topcoat is preferably acidic, but from the viewpoint of a non-intermixture property with 
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respect to the film, the topcoat may be neutral or alkaline. 

It is preferred that there is no difference or a small difference in the refractive index 

between the topcoat and the immersion liquid.  In this case, the resolution may be improved. 

When the exposure light source is an ArF excimer laser (wavelength: 193 nm), it is preferred 

that water is used as the immersion liquid, and thus the topcoat for ArF liquid immersion 

exposure preferably has a refractive index close to the refractive index (1.44) of water.  

Further, from the viewpoint of transparency and refractive index, the topcoat is preferably a 

thin film. 

[0046] 

It is preferred that the topcoat is not mixed with the film and the immersion liquid.  

From this viewpoint, when the immersion liquid is water, it is preferred that the solvent used 

for the topcoat is sparingly soluble in the solvent used for the composition of the present 

invention and is a water-insoluble medium.  Further, when the immersion liquid is an organic 

solvent, the topcoat may be water-soluble or water-insoluble. 

[0047] 

In the present invention, the substrate on which the film is formed is not particularly 

limited, and it is possible to use an inorganic substrate such as silicon, SiN, SiO2 or SiN, a 

coating-type inorganic substrate such as SOG, or a substrate generally used in the process of 

manufacturing a semiconductor such as IC or manufacturing a liquid crystal device or a circuit 

board such as a thermal head or in the lithography process of other photo-fabrication processes.  

Further, if necessary, an organic antireflection film may be formed between the film and the 

substrate. 

[0048] 

When the pattern forming method of the present invention further includes performing 

development using an alkali developer, it is possible to use an alkaline aqueous solution of 

inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium 

silicate, sodium metasilicate, aqueous ammonia and the like, primary amines such as 

ethylamine and n-propylamine, secondary amines such as diethylamine and di-n-butylamine, 

tertiary amines such as triethylamine and methyldiethylamine, alcohol amines such as 

dimethylethanolamine and triethanolamine, quaternary ammonium salts such as 

tetramethylammonium hydroxide and tetraethylammonium hydroxide, cyclic amines such as 

pyrrole and piperidine, and the like, as the alkali developer. 

Further, alcohols and a surfactant may be added to the alkaline aqueous solution each 

in an appropriate amount and the mixture may be used. 
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The alkali concentration of the alkali developer ranges usually from 0.1% by mass to 

20% by mass. 

The pH of the alkali developer ranges usually from 10.0 to 15.0. 

In particular, an aqueous solution of 2.38% by mass of tetramethylammonium 

hydroxide is preferred. 

When the development using the organic developer is combined with the development 

using the alkali developer, it is expected that as illustrated in FIGS. 1 to 11 of US8,227,183B, 

a pattern having a 1/2 line width of a mask pattern is resolved. 

[0049] 

As for the rinsing liquid in the rinse treatment performed after the alkali development, 

pure water is used, and an appropriate amount of a surfactant may be added thereto to use the 

mixture. 

Further, after the development treatment or rinse treatment, a treatment of removing 

the developer or rinsing liquid adhering on the pattern by a supercritical fluid may be 

performed. 

[0050] 

In the step of developing the exposed film using the organic developer, the organic 

developer is an organic developer as described above, as the organic processing liquid for 

patterning the chemical amplification resist film according to the present invention.  As for 

the developing method, it is possible to apply, for example, a method of dipping a substrate in 

a bath filled with a developer for a predetermined time (a dipping method), a method of 

heaping up a developer on a substrate surface by a surface tension and keeping the substrate 

still for a fixed time, thereby performing development (a puddle method), a method of 

spraying a developer on a substrate surface (a spraying method), a method of continuously 

ejecting a developer on a substrate spinning at a constant speed while scanning a developer 

ejecting nozzle at a constant rate (a dynamic dispense method) and the like. 

When the aforementioned various developing methods include ejecting a developer 

toward a resist film from a development nozzle of a developing apparatus, the ejection 

pressure of the ejected developer (the flow velocity per unit area of the ejected developer) is 

preferably 2 mL/sec/mm2 or less, more preferably 1.5 mL/sec/mm2 or less, and still more 

preferably 1 mL/sec/mm2 or less.  The flow velocity has no particular lower limit, but is 

preferably 0.2 mL/sec/mm2 or more in consideration of throughput. 

By setting the ejection pressure of the ejected developer to the above-described range, 

pattern defects resulting from the resist scum after development may be significantly reduced. 
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Details on the mechanism are not clear, but it is thought that it is because by setting the 

ejection pressure in the above-described range, the pressure imposed on the resist film by the 

developer is decreased and the resist film or resist pattern is suppressed from being 

inadvertently cut or collapsing. 

 Further, the ejection pressure (mL/sec/mm2) of the developer is the value at the outlet 

of the development nozzle in the developing apparatus. 

[0051] 

Examples of the method for adjusting the ejection pressure of the developer may 

include a method of adjusting the ejection pressure by, for example, a pump, and a method of 

supplying a developer from a pressurized tank and adjusting the pressure to change the 

ejection pressure. 

[0052] 

Further, after the step of performing development using a developer containing an 

organic solvent, a step of stopping the development while replacing the solvent with another 

solvent may be performed. 

[0053] 

The developing apparatus used for the step of performing development using the 

organic developer is preferably a coating and developing apparatus which can apply an 

organic developer.  Examples of the coating and developing apparatus may include LITHIUS, 

LITHIUS i+, LITHIUS Pro, LITHIUS Pro-i, LITHIUS Pro V, and LITHIUS Pro V-i 

manufactured by Tokyo Electron Limited, and RF3S, SOKUDO DUO manufactured by 

SOKUDO Co., Ltd. 

The coating and developing apparatus is normally mounted with a filter for a 

connection chemical liquid called a POU filter (a filter for a processing liquid). 

Accordingly, in the developing step, the coating and developing apparatus mounted 

with the POU (a developing apparatus mounted with a filter for a processing liquid) is used.  

The organic processing liquid (especially, the organic developer) for patterning, according to 

the present invention, may pass through the POU filter to be used for the development. 

[0054] 

When the coating and developing apparatus mounted with the POU is used, following 

two things may be preferably performed. 

1. When a new POU filter is used, a processing liquid to be used passes through the 

POU filter in an amount of 30 L or more, immediately after the POU filter is set in the 

apparatus.  2. When a filter is not used for 6 hours or more, a dummy dispense in 1L or more 
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is performed immediately before the filter is used. 

[0055] 

The pattern forming method of the present invention may preferably further include a 

washing step using an organic rinsing liquid, after the step of performing development using 

an organic developer. 

Here, the organic rinsing liquid is the above described organic rinsing liquid as the 

organic processing liquid for patterning the chemical amplification resist film according to the 

present invention, and specific and preferred examples thereof are the same as described 

above. 

[0056] 

After the step of performing development using the organic developer, the washing 

step may be more preferably performed using at least one organic rinsing liquid selected from 

the group consisting of a ketone-based solvent, an ester-based solvent, an alcohol-based 

solvent, and an amide-based solvent.  Further preferably, the washing step may be performed 

using a rinsing liquid containing an alcohol-based solvent or an ester-based solvent, 

particularly preferably, the washing step may be performed using a rinsing liquid containing a 

monohydric alcohol, and most preferably, the washing step may be performed using a rinsing 

liquid containing a monohydric alcohol having 5 or more carbon atoms. 

 Here, examples of the monohydric alcohol used in the rinsing step includes straight, 

branched or cyclic monohydric alcohols, and specifically, it is possible to use 1-butanol, 

2-butanol, 3-methyl-l-butanol, t-butyl alcohol, 1-pentanol, 2-pentanol, 1-hexanol, 

4-methyl-2-pentanol, 1-heptanol, 1-octanol, 2-hexanol, cyclopentanol, 2-heptanol, 2-octanol, 

3-hexanol, 3-heptanol, 3-octanol, 4-octanol and the like, and as the particularly preferred 

monohydric alcohol having 5 or more carbon atoms, it is possible to use 1-hexanol, 2-hexanol, 

4-methyl-2-pentanol, 1-pentanol, 3-methyl-1-butanol and the like. 

[0057] 

Otherwise, in the washing step, butyl acetate may be used as for the organic rinsing 

liquid. 

[0058] 

A plurality of the components may be mixed, or the solvents may be used by being 

mixed with an organic solvent other than those described above. 

[0059] 

The vapor pressure of the rinsing liquid used after the step of performing development 

using a developer including an organic solvent ranges preferably from 0.05 kPa to 5 kPa, more 
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preferably from 0.1 kPa to 5 kPa, and most preferably from 0.12 kPa to 3 kPa, at 20°C.  By 

setting the vapor pressure of the rinsing liquid to range from 0.05 kPa to 5 kPa, the 

temperature uniformity in the wafer plane is improved, and furthermore, swelling caused by 

permeation of the rinsing liquid is suppressed, and as a result, the dimensional uniformity in 

the wafer plane is improved. 

[0060] 

The rinsing liquid may also be used by adding an appropriate amount of a surfactant 

thereto. 

[0061] 

In the rinsing step, the wafer subjected to development using a developer containing an 

organic solvent is washed by using the above-described rinsing liquid including an organic 

solvent.  The method of washing treatment is not particularly limited, but it is possible to 

employ, for example, a method of continuously ejecting a rinsing liquid on a substrate 

spinning at a constant speed (spin coating method), a method of dipping a substrate in a bath 

filled with a rinsing liquid for a fixed time (dipping method), a method of spraying a rinsing 

liquid on a substrate surface (spraying method), and the like, and among them, it is preferred 

that the washing treatment is performed by the spin coating method and after the washing, the 

substrate is spun at a rotational speed from 2,000 rpm to 4,000 rpm to remove the rinsing 

liquid from the substrate.  It is also preferred that a heating step (post baking) is included 

after the rinsing step.  The developer and rinsing liquid remaining between patterns and in the 

inside of the pattern are removed by the baking.  The heating step after the rinsing step is 

performed at usually 40°C to 160°C, and preferably 70°C to 95°C, for usually 10 sec to 3 min, 

and preferably 30 sec to 90 sec. 

[0062] 

The pattern forming method of the present invention further includes a washing step 

using an organic rinsing liquid, after the step of performing development using an organic 

developer.  It is more preferred that the organic developer is butyl acetate as the above 

described organic processing liquid for patterning the chemical amplification resist film 

according to the present invention, and the organic rinsing liquid is butyl acetate as the above 

described organic processing liquid for patterning the chemical amplification resist film 

according to the present invention. 

[0063] 

The chemical amplification resist composition used for the pattern forming method of 

the present invention is not particularly limited as long as its chemical reaction in a system 
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triggered by the exposure is a catalytic chain reaction.  Typically, a chemical amplification 

resist containing a part or all of the components described below is preferably used. 

[0064] 

[1] (A) Resin of which the polarity increases due to the action of an acid, and thereby 

the solubility in a developer containing an organic solvent decreases 

As for the resin (A) of which the polarity increases due to the action of an acid, and 

thereby the solubility in a developer containing an organic solvent decreases, a resin 

(hereinafter, also referred to as an “acid-decomposable resin” or “resin (A)”) having a group  

(hereinafter, also referred to as an “acid-decomposable group”) capable of decomposing by the 

action of an acid to generate a polar group at either the main chain or side chain of the resin, or 

at both the main chain and the side chain may be exemplified. 

 In the structure of the acid-decomposable group, it is preferred that a polar group is 

protected with a group capable of decomposing and leaving by the action of an acid.  

Preferred polar groups may include a carboxyl group, a phenolic hydroxyl group, a fluorinated 

alcohol group (preferably hexafluoroisopropanol group), and a sulfonic acid group. 

[0065] 

A preferred acid-decomposable group is a group obtained by substituting a hydrogen 

atom of the groups with a group capable of leaving by an acid. 

Examples of the group capable of leaving by the acid may include -C(R36)(R37)(R38), 

-C(R36)(R37)(OR39), and -C(R01)(R02)(OR39). 

In Formula, each of R36 to R39 independently represents an alkyl group, a cycloalkyl 

group, an aryl group, an aralkyl group or an alkenyl group.  R36 and R37 may be bound with 

each other to form a ring. 

 Each of R01 and R02 independently represents a hydrogen atom, an alkyl group, a 

cycloalkyl group, an aryl group, an aralkyl group or an alkenyl group. 

[0066] 

As the acid-decomposable group, a cumyl ester group, an enol ester group, an acetal 

ester group, a tertiary alkyl ester group and the like are preferred.  The group is more 

preferably a tertiary alkyl ester group.  When the pattern forming method of the present 

invention is performed by exposure to KrF light or EUV light, or electron beam irradiation, an 

acid-decomposable group in which a phenolic hydroxyl group is protected with a group 

capable of leaving by an acid may be used. 

[0067] 

It is preferred that the resin (A) has a repeating unit having an acid-decomposable 
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group. 

The repeating unit may be exemplified as follows. 

In the specific examples, Rx represents a hydrogen atom, CH3, CF3 or CH2OH.  Each 

of Rxa and Rxb represents an alkyl group having 1 to 4 carbon atoms.  Xa1 represents a 

hydrogen atom, CH3, CF3, or CH2OH.  Z represents a substituent.  When a plurality of Z’s 

exist, Z’s may be the same or different.  p represents 0 or a positive integer.  Specific 

examples and preferred examples of Z are the same as those of substituents which respective 

groups of Rx1to Rx3 may have. 

[0068] 

  

[0069] 
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[0070] 
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[0071] 

In the specific examples below, Xa represents a hydrogen atom, an alkyl group, a 

cyano group or a halogen atom. 

[0072] 

 

[0073] 
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[0074] 
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[0075] 

 



28 

 

[0076] 

In the specific examples below, Xa1 represents a hydrogen atom, CH3, CF3, or CH2OH. 

[0077] 
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[0078] 

The repeating unit having the acid-decomposable group may be used either alone or in 

combination of two or more kinds thereof. 

[0079] 

The content of the repeating unit having an acid-decomposable group contained in the 

resin (A) (or the sum in the case where a plurality of repeating units having an 

acid-decomposable group is present) is preferably 15 mol% or more, more preferably 20 

mol% or more, still more preferably 25 mol% or more, and particularly preferably 40 mol% or 

more based on all repeating units of the resin (A). 

[0080] 

The resin (A) may contain a repeating unit having a lactone structure or a sultone 

structure. 

Hereinafter, the specific examples of the repeating unit having a group having a 



30 

lactone structure or a sultone structure will be described, but the present invention is not 

limited thereto. 

[0081] 

 

[0082] 
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[0083] 
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[0084] 

The repeating unit having a lactone structure or a sultone structure may be used in 

combination of two or more kinds thereof. 

[0085] 

In the case where the resin (A) contains a repeating unit having a lactone structure or a 

sultone structure, the content of the repeating unit having a lactone structure or a sultone 

structure ranges preferably from 5 mol% to 60 mol%, more preferably from 5 mol% to 55 

mol%, and still more preferably from 10 mol% to 50 mol% based on all repeating units of the 

resin (A). 

[0086] 

Further, the resin (A) may have a repeating unit having a cyclic carbonate ester 

structure.  Specific examples thereof are mentioned below, but the present invention is not 
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limited thereto. 

In the specific examples below, RA
1 represents a hydrogen atom or an alkyl group 

(preferably, a methyl group). 

[0087] 

 

[0088] 

The resin (A) may have a repeating unit having a hydroxyl group or a cyano group. 

Specific examples of the repeating unit having a hydroxyl group or a cyano group will 

be described below, but the present invention is not limited thereto. 

[0089] 



34 

 

[0090] 

 

[0091] 

The resin (A) may have a repeating unit having an acid group. 

The resin (A) may or may not contain a repeating unit having an acid group, but in the 

case of containing a repeating unit having an acid group, the content of the repeating unit 

having an acid group is preferably 25 mol% or less, and more preferably 20 mol% or less, 

based on all repeating units in the resin (A).  When the resin (A) contains a repeating unit 

having an acid group, the content of the repeating unit having an acid group in the resin (A) is 

usually 1 mol% or more. 

[0092] 

Specific examples of the repeating unit having an acid group will be described below, 

but the present invention is not limited thereto. 

In the specific examples, Rx represents H, CH3, CH2OH or CF3. 

[0093] 
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[0094] 

 

[0095] 

The resin (A) may further have a repeating unit having an alicyclic hydrocarbon 

structure and/or an aromatic ring structure which have no polar group (for example, the acid 

group, the hydroxyl group, and the cyano group) and not exhibiting acid decomposability. 

Specific examples of the repeating unit having an alicyclic hydrocarbon structure 

which has no polar group and not exhibiting acid decomposability will be described below, but 

the present invention is not limited thereto.  In Formula, Ra represents H, CH3, CH2OH, or 

CF3. 

[0096] 
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[0097] 

  

[0098] 

 

[0099] 

When the composition of the present invention is for ArF exposure, from the viewpoint 

of transparency to ArF light, the resin (A) used in the composition of the present invention 

preferably has substantially no aromatic ring (specifically, the ratio of a repeating unit having 

an aromatic group in the resin is preferably 5 mol% or less, more preferably 3 mol% or less, 

and ideally 0 mol%, that is, the resin does not have an aromatic group), and the resin (A) 

preferably has a monocyclic or polycyclic alicyclic hydrocarbon structure. 

[0100] 

The form of the resin (A) in the present invention may be any form of a random type, a 

block type, a comb type, and a star type.  The resin (A) may be synthesized, for example, by 

polymerization of radicals, cations, or anions of an unsaturated monomer, corresponding to 

each structure.  Further, it is also possible to obtain a target resin by using an unsaturated 

monomer corresponding to a precursor of each structure to perform polymerization, and then 

performing a polymer reaction. 

 When the composition of the present invention includes a resin (D) to be described 
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below, it is preferred that the resin (A) contains no fluorine atom and no silicon atom from the 

viewpoint of compatibility with the resin (D). 

[0101] 

The resin (A) used in the composition of the present invention is preferably a resin in 

which all the repeating units are composed of a (meth)acrylate-based repeating unit.  In this 

case, it is possible to use any of a resin in which all the repeating units are methacrylate-based 

repeating units, a resin in which all the repeating units are an acrylate-based repeating unit, 

and a resin in which all the repeating units are composed of methacrylate-based repeating units 

and acrylate-based repeating units, but it is preferred that the acrylate-based repeating unit is 

present in an amount of 50 mol% or less based on all the repeating units. 

[0102] 

In the case where KrF excimer laser light, electron beam, X-ray or high-energy beam 

having a wavelength of 50 nm or less (EUV and the like) is irradiated on the composition of 

the present invention, the resin (A) may have a repeating unit having an aromatic ring.  The 

repeating unit having an aromatic ring is not particularly limited, and is exemplified in the 

above described descriptions of the repeating units.  Examples thereof may include a styrene 

unit, a hydroxystyrene unit, a phenyl(meth)acrylate unit, and a hydroxyphenyl(meth)acrylate.  

More specifically, examples of the resin (A) may include a resin having a 

hydroxystyrene-based repeating unit, and a hydroxystyrene-based repeating unit protected by 

an acid-decomposable group, and a resin having a repeating unit having the aromatic ring, and 

a repeating unit in which a carboxylic acid moiety of (meth)acrylic acid is protected by an 

acid-decomposable group. 

[0103] 

The resin (A) in the present invention may be synthesized and purified by a 

conventional method (e.g., radical polymerization).  In regard to the synthesis and 

purification methods, see, e.g., the description in paragraphs 0201 to 0202 of Japanese Patent 

Application Laid-Open No. 2008-292975. 

[0104] 

The weight average molecular weight of the resin (A) in the present invention is 7,000 

or more as described above, preferably in a range of 7,000 to 200,000, more preferably 7,000 

to 50,000, still more preferably 7,000 to 40,000, and particularly preferably 7,000 to 30,000, in 

terms of polystyrene by the GPC method.  If the weight average molecular weight is less than 

7,000, the solubility in an organic developer becomes higher, and thus, there is a concern that 

a fine pattern may not be formed. 
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[0105] 

The polydispersity (molecular weight distribution) is usually in a range of 1.0 to 3.0, 

preferably 1.0 to 2.6, more preferably 1.0 to 2.0, and particularly preferably 1.4 to 2.0.  The 

smaller the molecular weight distribution is, the better the resolution and resist shape are, and 

the smoother the side wall of the resist pattern is, and thus roughness is excellent. 

[0106] 

In the chemical amplification resist composition of the present invention, the blending 

ratio of the resin (A) in the entire composition ranges preferably from 30% by mass to 99% by 

mass, and more preferably from 60% by mass to 95% by mass, based on the total solid. 

 Further, in the present invention, the resin (A) may be used either alone or in 

combination of two or more thereof. 

[0107] 

Hereinafter, specific examples of the resin (A) (the composition ratio of the repeating 

units is mol%) will be described, but the present invention is not limited thereto.  Also, 

hereinafter, an aspect in a case where a structure corresponding to an acid generator (B) to be 

described below is carried on the resin (A) will be exemplified. 

[0108] 

 

[0109] 
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[0110] 
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[0111] 

The resin to be exemplified below is an example of a resin properly used in particular, 

at EUV exposure or electron beam exposure. 

[0112] 



41 

 

[0113] 

 

[0114] 
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[0115] 

 

[0116] 
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[0117] 



44 

 

[0118] 
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[0119] 
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[0120] 

[2] (B) Compound capable of generating an acid upon irradiation with an actinic ray or 

radiation 

 The composition of the present invention generally further contains a compound (B) 

capable of generating an acid upon irradiation with an actinic ray or radiation (hereinafter, also 

referred to as “acid generator”). 

It is preferred that the compound (B) capable of generating an acid upon irradiation 

with an actinic ray or radiation is a compound capable of generating an organic acid upon 

irradiation with an actinic ray or radiation. 

As the acid generator, a photo-initiator for cationic photopolymerization, a 
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photo-initiator for radical photopolymerization, a photodecoloring agent for dyes, a 

photodiscoloring agent, a conventionally known compound used for, for example, a micro resist, 

and generating an acid upon irradiation with an actinic ray or radiation, or a mixture thereof 

may be properly selected and used. 

[0121] 

Examples thereof may include a diazonium salt, a phosphonium salt, a sulfonium salt, 

an iodonium salt, imidosulfonate, oxime sulfonate, diazodisulfone, disulfone, and 

o-nitrobenzylsulfonate. 

Among acid generators, particularly preferred examples will be described below. 

[0122] 
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[0123] 
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[0124] 
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[0125] 
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[0126] 

 

[0127] 
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[0128] 

 

[0129] 
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[0130] 

The acid generator may be synthesized by a conventionally known method, or may be 

synthesized in accordance with the method described in, for example, Japanese Patent 

Application Laid-Open No. 2007-161707, [0200] to [0210] of Japanese Patent Application 

Laid-Open No. 2010-100595, [0051] to [0058] of International Publication No. 

WO2011/093280, [0382] to [0385] of International Publication No. WO 2008/153110, and 

Japanese Patent Application Laid-Open No. 2007-161707. 

 The acid generator may be used either alone or in combination of two or more thereof. 

 The content of the compound capable of generating an acid upon irradiation with an 

actinic ray or radiation in the composition ranges preferably from 0.1% by mass to 30% by 

mass, more preferably from 0.5% by mass to 25% by mass, still more preferably from 3% by 

mass to 20% by mass, and particularly preferably from 3% by mass to 15% by mass based on 

the total solid of the chemical amplification resist composition. 

[0131] 

Depending on the resist composition, there is also an aspect (B’) where a structure 

corresponding to an acid generator is carried on the resin (A).  In such an aspect, specifically, 

for example, the structures described in Japanese Patent Application Laid-Open No. 

2011-248019 (in particular, the structure described in paragraph 0164 to 0191, and the 

structure contained in a resin described in Example of paragraph 0555) may be exemplified.  

In regard to this, even in an aspect where a structure corresponding to an acid generator is 

carried on the resin (A), the resist composition may additionally contain an acid generator not 

carried on the resin (A). 

As the aspect (B'), the repeating units as described below may be exemplified, but the 

present invention is not limited thereto. 

[0132] 
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[0133] 

[3] (C) Solvent 

The chemical amplification resist composition generally contains a solvent(C). 

 Examples of the solvent which may be used at the time of preparing the chemical 

amplification resist composition include an organic solvent such as alkylene glycol monoalkyl 

ether carboxylate, alkylene glycol monoalkyl ether, alkyl ester lactate, alkyl alkoxypropionate, 

cyclic lactone (preferably having 4 to 10 carbon atoms), a monoketone compound (preferably 

having 4 to 10 carbon atoms) which may have a ring, alkylene carbonate, alkyl alkoxyacetate 

and alkyl pyruvate. 

 Specific examples of these solvents may include those described in [0441] to [0455] of 

U.S. Patent Application Publication No. 2008/0187860. 

[0134] 

In the present invention, a mixed solvent prepared by mixing a solvent containing a 

hydroxyl group in the structure and a solvent containing no hydroxyl group may be used as the 

organic solvent. 

 The solvent containing a hydroxyl group and the solvent containing no hydroxyl group 

may be appropriately selected from the compounds exemplified above.  The solvent 

containing a hydroxyl group is preferably alkylene glycol monoalkyl ether, alkyl lactate or the 
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like, and more preferably propylene glycol monomethyl ether (PGME, another name 

1-methoxy-2-propanol), ethyl lactate or the like.  The solvent containing no hydroxyl group 

is preferably alkylene glycol monoalkyl ether acetate, alkyl alkoxypropionate, a monoketone 

compound which may contain a ring, a cyclic lactone, alkyl acetate or the like, and among 

these, propylene glycol monomethyl ether acetate (PGMEA, another name 

l-methoxy-2-acetoxypropane), ethyl ethoxypropionate, 2-heptanone, γ-butyrolactone, 

cyclohexanone, and butyl acetate are particularly preferred, and propylene glycol monomethyl 

ether acetate, ethylethoxypropionate, and 2-heptanone are most preferred. 

 The mixing ratio (by mass) of the solvent containing a hydroxyl group to the solvent 

containing no hydroxyl group ranges from 1/99 to 99/1, preferably from 10/90 to 90/10, and 

more preferably from 20/80 to 60/40.  A mixed solvent in which the solvent containing no 

hydroxyl group is contained in an amount of 50% by mass or more is particularly preferred in 

view of coating uniformity. 

 The solvent preferably contains propylene glycol monomethyl ether acetate and is 

preferably a single solvent of propylene glycol monomethyl ether acetate or a mixed solvent of 

two or more kinds of solvents containing propylene glycol monomethyl ether acetate. 

[0135] 

[4] Hydrophobic Resin (D) 

The chemical amplification resist composition according to the present invention may 

contain a hydrophobic resin (hereinafter, referred to as “a hydrophobic resin (D)” or also 

simply referred to as “a resin (D)”) particularly when applied to immersion exposure.  The 

hydrophobic resin (D) is preferably different from the resin (A). 

Accordingly, when the hydrophobic resin (D) is localized on the film top layer and the 

immersion medium is water, the static/dynamic contact angle of the resist film surface against 

water may be improved, thereby improving an immersion liquid follow-up property. 

Even when the composition is not subjected to the immersion exposure, the 

hydrophobic resin may be contained for various purposes.  For example, when the 

composition is subjected to EUV exposure, the hydrophobic resin may be preferably used to 

achieve an outgassing suppression or pattern shape adjustment. 

It is preferred that the hydrophobic resin (D) is designed to be localized at the interface 

as described above, but unlike a surfactant, the hydrophobic resin (D) does not necessarily 

have a hydrophilic group in the molecule thereof, and may not contribute to the mixing of 

polar/non-polar materials homogeneously. 

[0136] 
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From the viewpoint of the localization on the film top layer, the hydrophobic resin (D) 

preferably has one or more of “a fluorine atom”, “a silicon atom” and “a CH3 partial structure 

contained in a side chain moiety of a resin”, and more preferably two or more thereof. 

[0137] 

The weight average molecular weight of the hydrophobic resin (D) in terms of the 

standard polystyrene ranges preferably from 1,000 to 100,000, more preferably from 1,000 to 

50,000, and still more preferably from 2,000 to 15,000. 

Further, the hydrophobic resin (D) may be used either alone or in combination of a 

plurality thereof. 

The content of the hydrophobic resin (D) in the composition ranges preferably from 

0.01% by mass to 10% by mass, more preferably from 0.05% by mass to 8% by mass, and still 

more preferably from 0.1% by mass to 7% by mass, based on the total solid in the composition 

of the present invention. 

[0138] 

Similarly to the resin (A), it is natural that the hydrophobic resin (D) has a small 

amount of impurities such as metal, but the content of residual monomers or oligomer 

components ranges preferably from 0.01% by mass to 5% by mass, more preferably from 

0.01% by mass to 3% by mass, and still more preferably from 0.05% by mass to 1% by mass. 

Accordingly, it is possible to obtain a chemical amplification resist composition free from, for 

example, extraneous substances in liquid and change in sensitivity over time.  Further, from 

the viewpoint of resolution, resist shape, side wall of resist pattern, roughness and the like, the 

molecular weight distribution (Mw/Mn, also referred to as polydispersity) is in a range of 

preferably 1 to 5, more preferably 1 to 3, and still more preferably 1 to 2. 

[0139] 

The hydrophobic resin (D) may be commercially available or synthesized by a 

conventional method (e.g., radical polymerization).  Examples of a general synthesis method 

may include a batch polymerization method of dissolving monomer species and an initiator in 

a solvent and heating the solution, thereby performing the polymerization, a dropping 

polymerization method of adding dropwise a solution containing monomer species and an 

initiator to a heated solvent over 1 to 10 hours, and the like, and a dropping polymerization 

method is preferred. 

 The reaction solvent, polymerization initiator, reaction conditions (temperature, 

concentration and the like) and purification method after reaction are the same as those 

described in the resin (A), but in the synthesis of the hydrophobic resin (D), the reaction 
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concentration ranges preferably from 30% by mass to 50% by mass.  More specifically, see, 

the descriptions in paragraphs 0320 to 0329 of Japanese Patent Application Laid-Open No. 

2008-292975. 

[0140] 

Specific examples of the hydrophobic resin (D) are described below.  Further, the 

molar ratio of the repeating unit (corresponding to each repeating unit sequentially from the 

left), the weight average molecular weight and the polydispersity in each resin are noted in 

Tables as follows. 

[0141] 

 

[0142] 
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[0143] 
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[0144] 
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[0145] 
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[0146] 
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[0147] 
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[0148] 
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[0149] 

 



65 

 

[0150] 



66 

 

[0151] 

[5] Basic compound 

The chemical amplification resist composition in the present invention preferably 

contains a basic compound. 

 The chemical amplification resist composition may preferably contain a basic 

compound or an ammonium salt compound (hereinafter, also referred to as a “compound (N)”) 

whose basicity decreases upon irradiation with an actinic ray or radiation, as the basic 

compound. 

[0152] 

The compound (N) is preferably a compound (N-1) having a basic functional group or 

an ammonium group and a group capable of generating an acidic functional group upon 

irradiation with an actinic ray or radiation.  That is, the compound (N) is preferably a basic 

compound having a basic functional group and a group capable of generating an acidic 

functional group upon irradiation with an actinic ray or radiation, or an ammonium salt 

compound having an ammonium group and a group capable of generating an acidic functional 

group upon irradiation with an actinic ray or radiation. 

[0153] 
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[0154] 

 

[0155] 

These compounds may be easily synthesized from a compound represented by Formula 

(PA-I) or a lithium, sodium or potassium salt thereof and a hydroxide, bromide, chloride or the 

like of iodonium or sulfonium, by using the salt exchange method described in Japanese Patent 

Application Publication No. H11-501909 or Japanese Patent Application Laid-Open No. 

2003-246786.  Further, the synthesis may also be performed in accordance with the synthesis 

method described in Japanese Patent Application Laid-Open No. H7-333851. 

[0156] 
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[0157] 
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[0158] 

The compounds may be synthesized in accordance with, for example, a synthetic 

example of Japanese Patent Application Laid-Open No. 2006-330098. 

The molecular weight of the compound (N) preferably ranges from 500 to 1000. 

[0159] 

The chemical amplification resist composition in the present invention may or may not 

contain the compound (N), but in the case of containing the compound (N), the content of the 

compound (N) ranges preferably from 0.1% by mass to 20% by mass, and more preferably 

from 0.1% by mass to 10% by mass, based on the solid of the chemical amplification resist 

composition. 

[0160] 

The chemical amplification resist composition in the present invention may contain, as 

a basic compound, a basic compound (N') different from the compound (N) in order to reduce 

the change in performance over time from exposure to heating. 

 Preferred examples of the basic compound (N') may include compounds having a 

structure represented by the following Formulas (A') to (E'). 

[0161] 

 

[0162] 

In Formulas (A') to (E'), 

 RA200’s, RA201’s and RA202’s may be the same as or different, and represent a 

hydrogen atom, an alkyl group (preferably having 1 to 20 carbon atoms), a cycloalkyl group 

(preferably having 3 to 20 carbon atoms) or an aryl group (having 6 to 20 carbon), and RA201 

and RA202 may be bound with each other to form a ring.  RA203’s, RA204’s, RA205’s and 

RA206’s may be the same as or different, and represent an alkyl group (preferably having 1 to 

20 carbon atoms). 

 The alkyl group may have a substituent, and the alkyl group having a substituent is 

preferably an aminoalkyl group having 1 to 20 carbon atoms, a hydroxyalkyl group having 1 

to 20 carbon atoms or a cyanoalkyl group having 1 to 20 carbon atoms. 

 The alkyl group in Formulas (A') to (E') is more preferably unsubstituted. 

[0163] 
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Preferred specific examples of the basic compound (N') may include guanidine, 

aminopyrrolidine, pyrazole, pyrazoline, piperazine, aminomorpholine, aminoalkylmorpholine, 

piperidine and the like, and more preferred specific examples thereof may include a compound 

having an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an 

onium carboxylate structure, a trialkylamine structure, an aniline structure or a pyridine 

structure, an alkylamine derivative having a hydroxyl group and/or an ether bond, an aniline 

derivative having a hydroxyl group and/or an ether bond and the like. 

[0164] 

Examples of the compound having an imidazole structure may include imidazole, 

2,4,5-triphenylimidazole, benzimidazole and the like.  Examples of the compound having a 

diazabicyclo structure may include l,4-diazabicyclo[2,2,2]octane, 

l,5-diazabicyclo[4,3,0]non-5-ene, l,8-diazabicyclo[5,4,0]undec-7-ene and the like.  Examples 

of the compound having an onium hydroxide structure may include triarylsulfonium hydroxide, 

phenacylsulfonium hydroxide, a sulfonium hydroxide having a 2-oxoalkyl group, specifically, 

triphenylsulfonium hydroxide, tris(t-butylphenyl)sulfonium hydroxide, 

bis(t-butylphenyl)iodonium hydroxide, phenacylthiophenium hydroxide, 

2-oxopropylthiophenium hydroxide and the like.  Examples of the compound having an 

onium carboxylate structure may include a compound, in which the anion moiety of a 

compound having an onium hydroxide structure has been converted into carboxylate, such as 

acetate, adamantane-1-carboxylate and perfluoroalkylcarboxylate.  Examples of the 

compound having a trialkylamine structure may include tri(n-butyl)amine, tri(n-octyl)amine 

and the like.  Examples of the compound having an aniline structure may include 

2,6-diisopropylaniline, N,N-dimethylaniline, N,N-dibutylaniline, N,N-dihexylaniline and the 

like.  Examples of the alkylamine derivative having a hydroxyl group and/or an ether bond 

may include ethanolamine, diethanolamine, triethanolamine, tris(methoxyethoxyethyl)amine 

and the like.  Examples of the aniline derivative having a hydroxyl group and/or an ether 

bond may include N,N-bis(hydroxyethyl)aniline and the like. 

[0165] 

Examples of the preferred basic compound may further include an amine compound 

having a phenoxy group, an ammonium salt compound having a phenoxy group, an amine 

compound having a sulfonate ester group, and an ammonium salt compound having a 

sulfonate ester group.  Specific examples thereof may include compounds (C1-1) to (C3-3) as 

exemplified in paragraph [0066] of U.S. Patent Application Laid-Open No. 2007/0224539, but 

are not limited thereto. 
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[0166] 

A nitrogen-containing organic compound having a group capable of leaving by the 

action of an acid may also be used as a kind of the basic compound.  Specific examples of the 

compound will be described below. 

[0167] 

 

[0168] 

The compounds may be synthesized in accordance with the method described in, for 

example, Japanese Patent Application Laid-Open No. 2009-199021. 

[0169] 

Further, a compound having an amine oxide structure may also be used as the basic 

compound (N').  Specific examples of the compound may include triethylamine pyridine 

N-oxide, tributylamine N-oxide, triethanolamine N-oxide, tris(methoxyethyl)amine N-oxide, 

tris(2-(methoxymethoxy)ethyl)amine=oxide, 2,2',2''-nitrilotriethylpropionate N-oxide, 

N-2-(2-methoxyethoxy)methoxyethylmorpholine N-oxide, and an amine oxide compound 

exemplified in Japanese Patent Application Laid-Open No. 2008-102383.  

[0170] 

The molecular weight of the basic compound (N') ranges preferably from 250 to 2,000, 

and more preferably from 400 to 1,000.  From the viewpoint of more reduction in LWR and 

uniformity of local pattern dimension, the molecular weight of the basic compound is 

preferably 400 or more, more preferably 500 or more, and still more preferably 600 or more. 

[0171] 

These basic compounds (N') may be used in combination with the compound (N), and 

are used either alone or in combination of two or more thereof. 

[0172] 

The chemical amplification resist composition in the present invention may or may not 

contain the basic compound (N'), but in the case of containing the basic compound (N'), the 

amount of the basic compound (N') to be used usually ranges from 0.001% by mass to 10% by 

mass, and preferably from 0.01% by mass to 5% by mass, based on the solid of the chemical 

amplification resist composition. 

[0173] 
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The chemical amplification resist composition in the present invention may preferably 

include a compound having both an onium salt structure and an acid anion structure in one 

molecule (hereinafter, also referred to as a betaine compound), such as, for example, a 

compound included in Formula (I) of Japanese Patent Application Laid-Open No. 

2012-189977, a compound represented by Formula (I) of Japanese Patent Application 

Laid-Open No. 2013-6827, a compound represented by Formula (I) of Japanese Patent 

Application Laid-Open No. 2013-8020, a compound represented by Formula (I) of Japanese 

Patent Application Laid-Open No. 2012-252124.  Examples of the onium salt structure may 

include sulfonium, iodonium, and ammonium structure, and a sulfonium or iodonium salt 

structure is preferred.  As for the acid anion structure, a sulfonic acid anion or a carboxylic 

acid anion is preferred.  Examples of the compound may be described as follows. 

[0174] 

 

[0175] 

[6] Surfactant (F) 

The chemical amplification resist composition in the present invention may or may not 

further contain a surfactant, but in the case of containing a surfactant, it is more preferred that 

the composition contains any one of fluorine and/or silicon-based surfactants (a fluorine-based 

surfactant, a silicon-based surfactant and a surfactant having both a fluorine atom and a silicon 

atom), or two or more thereof. 

[0176] 

The chemical amplification resist composition in the present invention contains a 

surfactant, thereby imparting a resist pattern with adhesion and reduced development defects 

due to improved sensitivity and resolution when using an exposure light source with a 

wavelength of 250 nm or less, particularly 220 nm or less. 

Examples of the fluorine-based and/or silicon-based surfactants may include 
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surfactants described in paragraph [0276] of U.S. Patent Application Publication No. 

2008/0248425, such as Eftop EF301 and EF303 (manufactured by Shin-Akita Chemical Co., 

Ltd.), Fluorad FC430, 431 and 4430 (manufactured by Sumitomo 3M Limited), Megafac F171, 

F173, F176, F189, F113, F110, F177, F120 and R08 (manufactured by DIC Corporation), 

Surflon S-382, SC101, 102, 103, 104, 105 and 106 and KH-20 (manufactured by Asahi Glass 

Co., Ltd.), Troysol S-366 (manufactured by Troy Chemical Industries, Inc.), GF-300 and 

GF-150 (manufactured by Toagosei Chemical Industry Co., Ltd.), Surflon S-393 

(manufactured by Seimi Chemical Co., Ltd.), Eftop EF121, EF122A, EF122B, RF122C, 

EF125M, EF135M, EF351, EF352, EF801, EF802 and EF601 (manufactured by JEMCO Co., 

Ltd.), PF636, PF656, PF6320 and PF6520 (manufactured by OMNOVA Solutions, Inc.), and 

FTX-204G, 208G, 218G, 230G, 204D, 208D, 212D, 218D and 222D (manufactured by NEOS 

Co., Ltd.).  In addition, polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical 

Co., Ltd.) may also be used as the silicon-based surfactant. 

[0177] 

Further, other than the conventionally known surfactants described above, it is possible 

to use a surfactant using a polymer having a fluoro-aliphatic group derived from a 

fluoro-aliphatic compound which is prepared by a telomerization method (also referred to as a 

telomer method) or an oligomerization method (also referred to as an oligomer method), as the 

surfactant.  The fluoro-aliphatic compound may be synthesized by the method described in 

Japanese Patent Application Laid-Open No. 2002-90991. 

 Examples of a surfactant corresponding to the aforementioned surfactant may include 

Megafac F178, F-470, F-473, F-475, F-476 and F-472 (manufactured by DIC Corporation), a 

copolymer of an acrylate (or methacrylate) having a C6F13 group  with a 

(poly(oxyalkylene))acrylate (or methacrylate), a copolymer of an acrylate (or methacrylate) 

having a C3F7 group  with a (poly(oxyethylene))acrylate (or methacrylate) and a 

(poly(oxypropylene))acrylate (or methacrylate), and the like. 

[0178] 

Further, in the present invention, it is also possible to use a surfactant other than the 

fluorine-based and/or silicon-based surfactant, described in paragraph [0280] of U.S. Patent 

Application Publication No. 2008/0248425. 

[0179] 

These surfactants may be used either alone or in combination of several thereof. 

[0180] 

When the chemical amplification resist composition contains a surfactant, the amount 
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of the surfactant to be used ranges preferably from 0.0001% by mass to 2% by mass, and more 

preferably from 0.0005% by mass to 1% by mass, based on the total amount of the chemical 

amplification resist composition (excluding the solvent). 

 Meanwhile, by adjusting the amount of the surfactant to be added to 10 ppm or less 

based on the total amount of the chemical amplification resist composition (excluding the 

solvent), the surface uneven distribution of the hydrophobic resin is increased, and accordingly, 

the surface of the resist film may be made to be more hydrophobic, thereby improving the 

water follow-up property at the time of immersion exposure. 

[0181] 

[7] (G) Other additives 

 The chemical amplification resist composition in the present invention may contain a 

carboxylic acidonium salt.  Examples of the carboxylic acidonium salt may include those 

described in paragraphs [0605] to [0606] of U.S. Patent Application Laid-Open No. 

2008/0187860. 

 In the case where the chemical amplification resist composition contains a carboxylic 

acid onium salt, the content thereof generally ranges from 0.1% by mass to 20% by mass, 

preferably from 0.5% by mass to 10% by mass, and more preferably from 1% by mass to 7% 

by mass, based on the total solid of the composition. 

[0182] 

The chemical amplification resist composition of the present invention may contain a 

so-called acid amplifier if necessary.  The acid amplifier is preferably used, in particular, 

when the pattern forming method of the present invention is performed by EUV exposure or 

electron beam irradiation.  Specific examples of the acid amplifier may be described as 

follows, but not particularly limited thereto. 

[0183] 
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[0184] 

The chemical amplification resist composition of the present invention may further 

contain a dye, a plasticizer, a photosensitizer, a light absorber, an alkali-soluble resin, a 

dissolution inhibitor, a compound for accelerating solubility in a developer (for example, a 

phenol compound having a molecular weight of 1,000 or less, or an alicyclic or aliphatic 

compound having a carboxyl group) and the like, if necessary. 

 From the viewpoint of improving the resolution, the chemical amplification resist 

composition in the present invention is preferably used in a film thickness ranging from 30 nm 

to 250 nm, and more preferably from 30 nm to 200 nm. 

The solid concentration of the chemical amplification resist composition in the present 
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invention usually ranges from 1.0% by mass to 10% by mass, preferably from 2.0% by mass 

to 5.7% by mass, and more preferably from 2.0% by mass to 5.3% by mass.  By setting the 

solid concentration to the aforementioned range, the resist solution may be uniformly applied 

on a substrate. 

The solid concentration is a weight percentage of the weight of other resist components 

excluding the solvent, based on the total weight of the chemical amplification resist 

composition. 

[0185] 

The chemical amplification resist composition in the present invention is used by 

dissolving the aforementioned components in a predetermined organic solvent, preferably in 

the mixed solvent, filtering the solution through a filter, and then applying the filtered solution 

on a predetermined support (substrate).  The filter used for filtration is preferably a 

polytetrafluoroethylene-, polyethylene- or nylon-made filter having a pore size of 0.1 m or 

less, more preferably 0.05 m or less, and still more preferably 0.03 m or less.  In the 

filtration through a filter, as described in, for example, Japanese Patent Application Laid-Open 

No. 2002-62667, circulating filtration may be performed, or the filtration may be performed 

by connecting a plurality of kinds of filters in series or in parallel.  In addition, the 

composition may be filtered a plurality of times.  Further, a deaeration treatment or the like 

may be applied to the composition before or after filtration. 

[0186] 

The present invention also relates to a method of manufacturing an electronic device, 

which includes the above described pattern forming method of the present invention, and an 

electronic device manufactured by the manufacturing method. 

The electronic device of the present invention is properly mounted in electrical and 

electronic devices (e.g., home appliances, OA·media-related devices, optical devices and 

communication devices). 

 

Examples 

[0187] 

<Examples 1 to 8 and Comparative Examples 1 to 4> 

<Container> 

As a container, following containers were prepared, respectively. 

Container 1: FluoroPurePFA complex drum manufactured by Entegris Inc. (liquid 

contact inner surface; PFA resin lining) 
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Container 2: steel drum can manufactured by JFE (liquid contact inner surface; zinc 

phosphate film) 

Container 3: chemical drum PS-200-AW manufactured by Kodama Plastics Co., Ltd.  

(liquid contact inner surface; high density polyethylene resin) 

Container 4: pure drum PL-200-CW manufactured by Kodama Plastics Co., Ltd. 

(liquid contact inner surface; high density polyethylene resin) 

Container 5: FluoroPure three-layered HDPE drum manufactured by Entegris Inc. 

(liquid contact inner surface; high density polyethylene resin) 

Container 6: recycled steel drum can (liquid contact inner surface; unknown) 

[0188] 

<Preparation of Developer> 

Immediately after distilled, butyl acetate was charged into each container described 

above, and stored at room temperature (25°C) for X days (values of X are noted in Table 1 

below). 

Butyl acetate was taken out of the container, filtered through a polytetrafluoroethylene 

(PTFE) filter having a pore size 50 of nm, and was set as an evaluation developer. 

[0189] 

<Wet Particle Evaluation > 

The number of particles (N1) on a 8-inch silicon wafer was tested by a wafer defect 

evaluation apparatus ComPLUS3T (test mode 30T) manufactured by AMAT Corp., which 

was provided in a class 1000 clean room. 

5 mL of butyl acetate as the evaluation developer was ejected to the silicon wafer, and 

the silicon wafer was rotated at 1000 rpm for 1.6 sec to diffuse butyl acetate on the silicon 

wafer.  After standing still for 20 sec, the silicon wafer was spun and dried at 2000 rpm for 

20 sec. 

After 24 hours, the number of particles (N2) on the silicon wafer was tested by a wafer 

defect evaluation apparatus ComPLUS3T (test mode 30T) manufactured by AMAT Corp. so 

that N2-N1 was set as the number of wet particles (N). 

[0190] 

< Organic Impurity Concentration Analysis> 

10 mg of 1-docosene manufactured by Tokyo Kasei Kogyo Co., Ltd. was dissolved in 

1 kg of butyl acetate immediately after distilled.  The solution was taken in 50 μL to a sample 

container for a pyrolysis device, and naturally dried.  The sample was subjected to a gas 

chromatograph mass spectrometry by a gas chromatograph mass spectrometer, 
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GCMS-QP2010, manufactured by Shimadzu Co., Ltd., which was connected to a pyrolysis 

device, PY2020D, manufactured by Frontier Lab, and a peak area (S0) of 1-docosene was 

obtained from the spectrum. 

[0191] 

Pyrolysis conditions in the gas chromatograph mass spectrometry are as follows. 

Injection, interface temperature: 300°C, 

Column: pyrolysis device column manufactured by Frontier Lab, UA-5 (30 m × 0.25 

mm D film thickness 0.25 µm) 

Column temperature sequence: 50°C (2 min)→15°C / min →280°C (15 min) 

Split ratio: 1/23.5 

Detector: 0.8 kV 

Pyrolysis furnace temperature: 300°C 

[0192] 

Then, butyl acetate, as the evaluation developer, was concentrated to a 1/10 weight at a 

room temperature (25°C) using an evaporator, and the solution taken in 50 μL to a sample 

container for a pyrolysis device, and naturally dried.  The sample was subjected to a gas 

chromatograph mass spectrometry using the gas chromatograph mass spectrometer described 

above to obtain the sum (S1) of spectral peak areas corresponding to a polyolefin compound 

having a carbon number of 22 or less.  Then, the organic impurity concentration was 

calculated by the following equation. 

Organic impurity concentration (ppm) = S1/S0 

[0193] 

<Metal Impurity Concentration Analysis> 

10 μL of ICP general-purpose mixture XSTC-622 (35 elements) manufactured by Spex 

Corp., in which each element concentration was 10 ppm in preparation, was added with 10 mL 

of N-methylpyrrolidone (NMP) and diluted to prepare a standard solution for 10 ppb for metal 

analysis. 

5 ppb standard solution for metal analysis was prepared in the same manner except that 

the amount of NMP was changed.  NMP used for dilution was 0 ppb standard solution for 

metal analysis. 

Target metals as metal impurities include 12 elements of Na, K, Ca, Fe, Cu, Mg, Mn, 

Li, Al, Cr, Ni, and Zn.  The prepared 0 ppb, 5 ppb, and 10 ppb standard solutions for the 

metal analysis were measured by an inductively coupled plasma mass spectrometer (ICP-MS 

equipment), Agilent7500cs, manufactured by Agilent Technologies, Inc. to create a metal 
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concentration calibration curve. 

Then, the inductively coupled plasma mass spectrometry was performed in the same 

manner as described above except that the standard solution for the metal analysis was 

changed to butyl acetate as the evaluation developer to perform analysis of the metal impurity 

concentration of butyl acetate. 

 

[0194] 

The results of the evaluation·analysis are noted in Table 1 below. 

[0195] 

Table 1 

   Evaluation Result 

Example Container Storage Period 

within 

Container (X) 

Number of 

Particles (N) 

Organic Impurity 

Concentration 

(ppm) 

Metal 

Impurity 

Concentratio

n (ppm) 

Example 1 Container 1 1 day 7 Undetected 1 

Example 2 Container 1 3 day 7 Undetected 1 

Example 3 Container 1 7 day 10 Undetected 2 

Example 4 Container 1 14 day 8 Undetected 3 

Example 5 Container 2 1 day 5 Undetected 2 

Example 6 Container 2 3 day 3 Undetected 1 

Example 7 Container 2 7 day 6 Undetected 2 

Example 8 Container 2 14 day 5 Undetected 3 

Comp. Example 1 Container 3 7 day 42515 7 2 

Comp. Example 2 Container 4 7 day 56248 10 1 

Comp. Example 3 Container 5 7 day 65427 16 3 

Comp. Example 4 Container 6 14 day 1353 Undetected 14 

 

[0196] 

In Table above, as the metal impurity concentration, among metal concentrations of 12 

elements, the highest concentration value was noted. 

[0197] 

As can be seen in Table above, when butyl acetate in Examples was used as the 

organic processing liquid for patterning the chemical amplification resist film according to the 

present invention, the number of particles which may be problematic in, particularly, a fine 

pattern (for example, 30 nm node or less) was largely reduced. 

[0198] 

<Synthesis Example (Synthesis of Resin A-1)> 

Under a nitrogen stream, 102.3 parts by mass of cyclohexanone was heated at 80°C.  

While the liquid was stirred, a mixed solution of 22.2 parts by mass of monomer represented 

by the following Structural Formula M-1, 22.8 parts by mass of monomer represented by the 
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following Structural Formula M-2, 6.6 parts by mass of monomer represented by the following 

Structural Formula M-3, 189.9 parts by mass of cyclohexanone, and 2.40 parts by mass of 

2,2'-dimethyl azobisisobutyrate [V-601, manufactured by Wako Pure Chemical Industries, 

Ltd.]was added dropwise thereto over 5 hours.  After the completion of the dropwise addition, 

the solution was further stirred at 80°C for 2 hours.  The reaction solution was allowed to 

cool, then subjected to reprecipitation with a large amount of hexane /ethyl acetate (mass ratio 

9:1), and filtered to obtain a solid, and the solid was dried under vacuum to obtain 41.1 parts 

by mass of Resin (A-1) of the present invention. 

[0199] 

 

[0200] 

The weight average molecular weight (Mw: in terms of polystyrene) obtained from the 

GPC (carrier: tetrahydrofuran (THF)) of the obtained resin was Mw=9,500 with a 

polydispersity Mw/Mn=1.60.  The composition ratio (molar ratio) measured by 13C-NMR 

was 40/50/10. 

[0201] 

<Resin (A)> 

Hereinafter, Resins (A-2) to (A-3) were synthesized in the same manner as above.  

The composition ratio of the repeating unit (molar ratio, corresponding to each repeating unit 

sequentially from the left), mass average molecular weight (Mw) and polydispersity (Mw/Mn) 

in Resins A-2 to A-3 together with Resin A-1 will be shown below. 

[0202] 
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[0203] 

<Acid Generator> 

The following compounds were used as the acid generator. 

 

[0204] 

 

[0205] 

<Basic Compound> 

The following compounds were used as the basic compound. 
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[0206] 

 

[0207] 

<Hydrophobic Resin> 

Hereinafter, Resins D-1 to D-3 were synthesized in the same manner as in Resin A.  

The composition ratio of the repeating unit (molar ratio, corresponding to each repeating unit 

sequentially from the left), mass average molecular weight (Mw) and polydispersity (Mw/Mn) 

in Resins D-1 to D-3 will be shown below. 

[0208] 

 

[0209] 

<Surfactant> 
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The followings were used as the surfactant. 

W-1: Megafac F176 (manufactured by DIC Corporation; fluorine-based) 

W-2: Megafac R08 (manufactured by DIC Corporation; fluorine- and silicone-based) 

[0210] 

<Solvent> 

The followings were used as the solvent. 

SL-1: Propylene glycol monomethyl ether acetate (PGMEA) 

SL-2: Propylene glycol monomethyl ether (PGME) 

[0211] 

<Preparation of Rinsing Liquid > 

Immediately after distilled, 4-methyl-2-pentanol (MIBC) was charged into the 

container 2 described above and stored at room temperature (25°C) for 30 days. 

MIBC was taken out of container 2, filtered through a PTFE filter having a pore size 

50 of nm, and was set as rinsing liquid 1. 

 

[0212] 

<Lithography Evaluation> 

The components noted in Table 2 below were dissolved in the solvent noted in the 

same table to have a solid content of 3.8 % by mass, and each was filtered through a 

polyethylene filter having a pore size of 0.03 µm to prepare a chemical amplification resist 

composition.  An organic antireflection film ARC29SR (manufactured by Nissan Chemical 

Industries, Ltd.) was applied on a silicon wafer and baked at 205°C for 60 sec to form an 

antireflection film having a film thickness of 95 nm.  The chemical amplification resist 

composition prepared as described above was applied thereon and baked at 100°C over 60 sec 

to form a chemical amplification resist film (resist film 1) having a film thickness of 90 nm. 

[0213] 
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Table 2 

Chemical 

Amplification 

Resist 

Composition 

Resin (A) (g) 

Acid 

Generator 

(B) 

(g) 
Basic 

Compound 
(g) Resin (D) (g) Solvent Mass ratio Surfactant (g) 

I-1 A-1 10 PAG-1 0.80 C-1 0.14 D-1 0.6 SL-1/SL-2 80/20 W-1 0.003 

I-2 A-2 10 PAG-2 0.90 C-2 0.14 D-2 2.0 SL-1 100 W-2 0.003 

I-3 A-3 10 PAG-3 0.45 C-3 0.45 D-3 4.0 SL-1/SL-2 80/20 None - 
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[0214] 

<Example 9: Developing /Rinsing Process > 

Resist film 1 formed by chemical amplification resist composition I-1 in Table 2 was 

subjected to pattern exposure by using an ArF excimer laser immersion scanner (manufactured 

by ASML Co., Ltd.; XT1700i, NA 1.20, Dipole (outer σ: 0.981/inner σ: 0.895), Y deflection) 

through a halftone mask.  As the immersion liquid, ultrapure water was used.  Thereafter, 

heating was performed at 105°C for 60 sec.  Subsequently, the resist film was developed by 

butyl acetate in Example 4 as a developer for 30 sec, and then rinsed by rinsing liquid 1 

described above for 20 sec to obtain a pattern (resist pattern substrate 1). 

[0215] 

<Example 10: rinse-less process > 

Resist film 1 formed by chemical amplification resist composition I-2 in Table 2 was 

subjected to pattern exposure by using an ArF excimer laser immersion scanner (manufactured 

by ASML Co., Ltd.; XT1700i, NA 1.20, Dipole (outer σ: 0.981/inner σ: 0.895), Y deflection) 

through a halftone mask.  As the immersion liquid, ultrapure water was used.  Thereafter, 

baking was performed at 105°C for 60 sec.  Subsequently, the resist film was developed by 

butyl acetate in Example 8 as a developer for 30 sec, and then the developer was spin-dried at 

2000 rpm for 20 sec to obtain a pattern (resist pattern substrate 2). 

[0216] 

<Example 11: Developing /Rinsing Process > 

Resist film 1 formed by chemical amplification resist composition I-3 in Table 2 was 

subjected to pattern exposure by using an ArF excimer laser immersion scanner (manufactured 

by ASML Co., Ltd.; XT1700i, NA 1.20, Dipole (outer σ: 0.981/inner σ: 0.895), Y deflection) 

through a halftone mask.  As the immersion liquid, ultrapure water was used.  Thereafter, 

baking was performed at 105°C for 60 sec.  Subsequently, the resist film was developed by 

butyl acetate in Example 8 as a developer for 30 sec, and then rinsed by butyl acetate in 

Example 8 as a rinsing liquid for 20 sec to obtain a pattern (resist pattern substrate 3). 

[0217] 

When resist pattern substrates 1 to 3 were observed by a critical dimension scanning 

electron microscope (manufactured by Hitachi, Ltd., CG4100), it was found that a 45 nm 

pattern (line size : space size = 1:1) was satisfactorily formed on each of the substrates without 

pattern collapse. 

[0218] 
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Table 3 

Example Composition (I) Developer Rinsing liquid 

Example 9 I-1 Butyl acetate of Example 4 Rinsing liquid 1 (MIBC) 

Example 10 I-2 Butyl acetate of Example 8 - 

Example 11 I-3 Butyl acetate of Example 8 Butyl acetate of Example 8 

 

[0219] 

< Lithography Evaluation 2> 

A container which contains a resist composition having the same composition as the 

resist composition I-1 in Table 2 was connected to a resist line of a coating and developing 

apparatus (manufactured by SOKUDO Co., Ltd., RF3S). 

Butyl acetate in Example 5, as a developer, which was put in a 18 L canister can, was 

connected to the coating and developing apparatus. 

Rinsing liquid 1 put in a 18 L canister can was connected to the coating and developing 

apparatus. 

An optimizer ST-L manufactured by Entegris, Inc. (product model number: 

AWATMLKM1) was mounted in the coating and developing apparatus as a POU filter for 

each of the developer and the rinsing liquid, and deaeration of the filter was carried out by a 

conventional method in the coating and developing apparatus.  Subsequently, 30 L of 

processing liquid (each of the developer and the rinsing liquid) passed through the POU filter. 

An organic antireflection film ARC29SR (manufactured by Nissan Chemical 

Industries, Ltd.) was applied using the coating and developing apparatus on a silicon wafer 

and baked at 205°C for 60 sec to form an antireflection film having a film thickness of 95 nm.  

The resist composition was applied thereon, and baked at 100°C over 60 sec to form a 

chemical amplification resist film (resist film 2) having a film thickness of 90 nm. 

[0220] 

<Example 12: Developing /Rinsing Process> 

Resist film 2 was subjected to pattern exposure by using an ArF excimer laser 

immersion scanner (manufactured by ASML Co., Ltd.; XT1700i, NA 1.20, Dipole (outer σ: 

0.981/inner σ: 0.895), Y deflection) through a halftone mask.  As the immersion liquid, 

ultrapure water was used.  Thereafter, baking was performed at 105°C for 60 sec.  

Subsequently, the resist film was developed using the above described developer (that is, butyl 

acetate of Example 5) by the coating and developing apparatus for 30 sec, and then rinsed by 

rinsing liquid 1 for 20 sec to obtain a pattern (resist pattern substrate 4). 
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[0221] 

<Example 13: rinse-less process> 

Resist film 2 was subjected to pattern exposure by using an ArF excimer laser 

immersion scanner (manufactured by ASML Co., Ltd.; XT1700i, NA 1.20, Dipole (outer σ: 

0.981/inner σ: 0.895), Y deflection) through a halftone mask.  As the immersion liquid, 

ultrapure water was used.  Thereafter, baking was performed at 105°C for 60 sec.  

Subsequently, the resist film was developed using the above described developer (that is, butyl 

acetate of Example 5) by the coating and developing apparatus for 30 sec, and then the 

developer was spin-dried at 2000 rpm for 20 sec to obtain a pattern (resist pattern substrate 5). 

[0222] 

When resist pattern substrates 4 and 5 were observed by a length measuring scanning 

electron microscope (manufactured by Hitachi, Ltd., CG4100), it was found that a 45 nm 

pattern (line size : space size = 1:1) was satisfactorily formed on each of the substrates without 

pattern collapse. 

[0223] 

<Example 14> 

When the lithography evaluation as described above was performed by properly using 

the above described resins exemplified as “resins which may be properly used, in particular, at 

EUV exposure or electron beam exposure” through exposure of EUV light or electron beam 

instead of the ArF excimer laser immersion exposure, the pattern formation was satisfactorily 

performed. 

[0224] 

<Example 15> 

Eight exemplary compositions were prepared in the same manner as in chemical 

amplification resist composition I-3 except that the above described betaine compounds C1-1 

to C1-8 were used instead of basic compound C-3.  Then, when the evaluation was 

performed in the same manner as in Example 11, the pattern formation was carried out. 

[0225] 

<Example 16> 

The evaluation was performed in the same manner as in Example 9 except that 

tri-n-octylamine was added to butyl acetate just before butyl acetate was connected to the 

coating and developing apparatus, and then the pattern formation was carried out. 
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Industrial Applicability 

[0226] 

According to the present invention, in a negative pattern forming method for forming a 

fine pattern (for example, 30 nm node or less) particularly using an organic developer, there 

may be provided an organic processing liquid for patterning the chemical amplification resist 

film which may reduce occurrence of particles, a container for the organic processing liquid 

for patterning the chemical amplification resist film, and a pattern forming method, a method 

of manufacturing an electronic device, and the electronic device using the same. 

[0227] 

Although the present invention has been described with reference to detailed and 

specific aspects, it is obvious to those skilled in the art that various changes or modifications 

can be made without departing from the spirit and scope of the present invention. 

The present application is based on Japanese Patent Applications (Patent Application 

Nos. 2012-240752 and 2013-031277) filed on October 31, 2012 and February 20, 2013, the 

content of which is incorporated herein by reference. 
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CLAIMS 

 

1. A pattern forming method comprising: 

(A) forming a film from a chemical amplification resist composition by applying the 

chemical amplification resist composition on a substrate; 

(B) pattern exposing the film; and 

(C) developing the exposed film using an organic developer, 

wherein the organic developer is butyl acetate containing 1 ppm or less of alkylolefin 

having a carbon number of 22 or less, and 5 ppm or less of metal element concentration of 

each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni and Zn; 

the organic developer is stored in a container before developing, the container having 

an inner wall contacting with the organic developer, the inner wall being made from a 

perfluoro resin; and  

the organic developer is filtered through a polytetrafluoroethylene filter before the 

developing step (C). 

 

2. The pattern forming method according to claim 1, further comprising: 

performing a washing by using an organic rinsing liquid after the developing of the 

exposed film using the organic developer, 

wherein the organic rinsing liquid contains 1 ppm or less of alkylolefin having a 

carbon number of 22 or less, and 5 ppm or less of a metal element concentration of each of Na, 

K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni, and, Zn. 

 

3. The pattern forming method according to claim 2, 

wherein the organic rinsing liquid is 4-methyl-2-pentanol or butyl acetate. 

 

4. The pattern forming method according to claim 1, 

wherein the developing of the exposed film using the organic developer is performed 

by using a developing apparatus mounted with the polytetrafluoroethylene filter for a 

processing liquid, and 

the organic developer passes through the polytetrafluoroethylene filter. 

 

5. A method of manufacturing an electronic device, the method comprising the 

pattern forming method according to claim 1. 

 

6. An electronic device manufactured by the method according to claim 5. 
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7.  The pattern forming method according to claim 2, wherein the organic rinsing 

liquid is stored in a second container before performing a washing, the second container 

having an inner wall contacting with the organic rinsing liquid, the inner wall being made 

from a perfluoro resin; and 

the rinsing liquid is filtered through a polytetrafluoroethylene filter before performing 

the washing. 

 

8.  The pattern forming method according to claim 1, wherein the organic developer 

contains at least one selected from the group consisting of a ketone-based solvent, an 

ester-based solvent, an alcohol-based solvent, an amide-based solvent and an ether based 

solvent. 

 

9.  The pattern forming method according to claim 1, wherein the organic developer 

is butyl acetate. 

 

10.  The pattern forming method according to claim 2, wherein the organic rinsing 

liquid contains at least one selected from the group consisting of a ketone-based solvent, an 

ester-based solvent, an alcohol-based solvent, an amide-based solvent and an ether based 

solvent. 

 

11.  The pattern forming method according to claim 2, wherein the organic rinsing 

liquid is 4-methyl-2-pentanol or butyl acetate. 

 

12.  The pattern forming method according to claim 1, wherein the 

polytetrafluoroethylene filter has a pore size of 0.1 μm or less. 

 

13.  The pattern forming method according to claim 1, wherein the 

polytetrafluoroethylene filter has a pore size of 0.05 μm or less. 

 

14.  The pattern forming method according to claim 1, wherein the organic developer 

is stored in a container for one or more days before developing. 
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ORGANIC PROCESSING LIQUID FOR PATTERNING CHEMICAL AMPLIFICATION 

RESIST FILM, CONTAINER FOR ORGANIC PROCESSING LIQUID FOR PATTERNING 

CHEMICAL AMPLIFICATION RESIST FILM, AND PATTERN FORMING METHOD, 

METHOD OF MANUFACTURING ELECTRONIC DEVICE, AND ELECTRONIC 

DEVICE USING THE SAME 

ABSTRACT 

Provided are: an organic treatment solution for patterning chemically amplified resist 

films, which can reduce the generation of particles, particularly when using an organic 

developing solution in a negative pattern formation method for forming a fine (e.g. 30 nm 

node or less) pattern; a container for the organic treatment solution for patterning chemically 

amplified resist films; and a pattern formation method, an electronic device manufacturing 

method, and an electronic device using the same. 

The organic treatment solution for patterning chemically amplified resist films contains 

1ppm or less of an alkyl olefin having a carbon number of 22 or less, and has a metal element 

concentration of 5ppm or less for each of Na, K, Ca, Fe, Cu, Mg, Mn, Li, Al, Cr, Ni and Zn. 

The pattern formation method, the electronic device manufacturing method, and the electronic 

device use the same. 

(No Suitable Figures) 


