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[CLAIMS] 

[Claim 1] 

A mask blank comprising a thin film for pattern 

formation on a transparent substrate,  

wherein the thin film is made of a material containing 

a metal, silicon, and nitrogen,  

wherein a ratio of a content [atom%] of the metal 

divided by a total content [atom%] of the metal and silicon 

in the thin film is 15% or less,  

wherein when the thin film is subjected to an analysis 

of a secondary ion mass spectrometry and a distribution of 

a secondary ion intensity of silicon in depth direction is 

obtained, a ratio of a maximum peak [Counts/sec] of the 

secondary ion intensity of silicon at a surface layer region, 

which is opposite from a transparent substrate, of the thin 

film divided by an average value [Counts/sec] of the 

secondary ion intensity of silicon in a depth direction of 

an inner region, which is a region excluding the surface 

layer region and a vicinity region with an interface of the 

transparent substrate, of the thin film is 1.0 or more and 

1.6 or less, 

wherein the surface layer region is a region ranging 

from a surface on the thin film opposite from the transparent 

substrate to a region up to a depth of 10nm toward the 

transparent substrate, and 

wherein the vicinity region is a region ranging from 

an interface with the transparent substrate to a region up 

to a depth of 20nm toward the surface layer region. 

[Claim 2] 

The mask blank according to claim 1, wherein a 

distribution of the secondary ion intensity of silicon in a 
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depth direction is obtained under a measurement condition 

where a primary ion species is Cs+, a primary accelerating 

voltage is 2.0kV, and an irradiating region of a primary ion 

is an inner region of a square having a side of 120μm.

[Claim 3] 

The mask blank according to claim 2, wherein when the 

thin film is subjected to an analysis of a secondary ion 

mass spectrometry and a distribution of a secondary ion 

intensity of oxygen in depth direction is obtained, an 

average value of the secondary ion intensity of oxygen of 

the inner region in a depth direction is 2000[Counts/sec] or 

less. 

[Claim 4] 

The mask blank according to any one of claims 1 to 3, 

wherein the thin film is a phase shift film having a function 

to transmit an ArF excimer laser exposure light at a 

transmittance of 1% or more, and a function to generate a 

phase difference of 150 degrees or more and 190 degrees or 

less between the exposure light transmitted through the thin 

film and the exposure light transmitted through air for a 

same distance as a thickness of the thin film. 

[Claim 5] 

The mask blank according to claim 4, wherein a light 

shielding film is provided on the phase shift film. 

[Claim 6] 

The mask blank according to claim 5, wherein the light 

shielding film is made of a material containing chromium. 

[Claim 7] 

A method for manufacturing a mask blank comprising a 

thin film for pattern formation on a transparent substrate, 

comprising steps of: 

forming the thin film on the transparent substrate, 
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the thin film made of a material containing a metal, silicon, 

and nitrogen, wherein a ratio of a content [atom%] of the 

metal divided by a total content [atom%] of the metal and 

silicon is 15% or less;  

performing a first heat treatment wherein the thin film 

is subjected to a heat treatment in gas containing oxygen at 

a temperature below 300°C; and  

performing a second heat treatment wherein the thin 

film after the first heat treatment is subjected to a heat 

treatment in gas containing oxygen at a temperature of 350°C 

or more. 

[Claim 8] 

The method for manufacturing a mask blank 

according to claim 7 wherein the thin film, when subjected 

to an analysis of a secondary ion mass spectrometry and a 

distribution of a secondary ion intensity of silicon in depth 

direction of the thin film is obtained, has a ratio of a 

maximum peak [Counts/sec] of the secondary ion intensity of 

silicon at a surface layer region, which is opposite from a 

transparent substrate, of the thin film divided by an average 

value [Counts/sec] of the secondary ion intensity of silicon 

in a depth direction of an inner region, which is a region 

excluding the surface layer region and a vicinity region 

with an interface of the transparent substrate, of the thin 

film of 1.0 or more 1.6 or less, wherein the surface layer 

region is a region ranging from a surface on the thin film 

opposite from the transparent substrate to a region up to a 

depth of 10nm toward the transparent substrate, and 

wherein the vicinity region is a region ranging from 

an interface with the transparent substrate to a region up 

to a depth of 20nm toward the surface layer region. 

[Claim 9] 
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The method for manufacturing a mask blank according to 

claim 8, wherein a distribution of the secondary ion 

intensity of silicon in depth direction is obtained under a 

measurement condition where a primary ion species is Cs+, a 

primary accelerating voltage is 2.0kV, and an irradiating 

region of a primary ion is an inner region of a square having 

a side of 120μm.

[Claim 10] 

The method for manufacturing a mask blank according to 

claim 9, wherein the thin film, when subjected to an analysis 

of a secondary ion mass spectrometry and a distribution of 

a secondary ion intensity of oxygen in depth direction is 

obtained, has an average value of the secondary ion intensity 

of oxygen of the inner region in depth direction of 

2000[Counts/sec] or less. 

[Claim 11] 

The method for manufacturing a mask blank according to 

any one of claims 7 to 10, wherein the thin film is a phase 

shift film having a function to transmit an ArF excimer laser 

exposure light at a transmittance of 1% or more and a 

function to generate a phase difference of 150 degrees or 

more to 190 degrees or less between the exposure light 

transmitted through the thin film and the exposure light 

transmitted through air for a same distance as a thickness 

of the thin film. 

[Claim 12] 

The method for manufacturing a mask blank according to 

claim 11, comprising a step of forming a light shielding 

film on a thin film which is a phase shift film after 

performing the second heat treatment. 

[Claim 13] 

The method for manufacturing a mask blank according to 
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claim 12, wherein the light shielding film is made of a 

material containing chromium. 

[Claim 14] 

A method for manufacturing a transfer mask comprising 

a step of forming a transfer pattern on the thin film of a 

mask blank according to any one of claims 1 to 6 by dry 

etching. 

[Claim 15] 

A transfer mask comprising a thin film on a transparent 

substrate, the thin film having a transfer pattern formed 

thereon, 

wherein the thin film is made of a material containing 

a metal, silicon, and nitrogen,  

wherein a ratio of a content [atom%] of the metal 

divided by a total content [atom%] of the metal and silicon 

in the thin film is 15% or less,  

wherein when the thin film is subjected to an analysis 

of a secondary ion mass spectrometry and a distribution of 

a secondary ion intensity of silicon in depth direction is 

obtained, a ratio of a maximum peak [Counts/sec] of the 

secondary ion intensity of silicon at a surface layer region, 

which is opposite from a transparent substrate, of the thin 

film divided by an average value [Counts/sec] of the 

secondary ion intensity of silicon in a depth direction of 

an inner region, which is a region excluding the surface 

layer region and a vicinity region with an interface of the 

transparent substrate, of the thin film is 1.0 or more and 

1.6 or less, 

wherein the surface layer region is a region ranging 

from a surface on the thin film opposite from the transparent 

substrate to a region up to a depth of 10nm toward the 

transparent substrate, and 
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wherein the vicinity region is a region ranging from 

an interface with the transparent substrate to a region up 

to a depth of 20nm toward the surface layer region. 

[Claim 16] 

The transfer mask according to claim 15, wherein a 

distribution of the secondary ion intensity of silicon in a 

depth direction is obtained under a measurement condition 

where a primary ion species is Cs+, a primary accelerating 

voltage is 2.0kV, and an irradiating region of a primary ion 

is an inner region of a square having a side of 120μm.

[Claim 17] 

The transfer mask according to claim 16, wherein when 

the thin film is subjected to an analysis of a secondary ion 

mass spectrometry and a distribution of a secondary ion 

intensity of oxygen in depth direction is obtained, an 

average value of the secondary ion intensity of oxygen of 

the inner region in a depth direction is 2000[Counts/sec] or 

less. 

[Claim 18] 

The transfer mask according to any one of claims 15 to 

17, wherein the thin film is a phase shift film having a 

function to transmit an ArF excimer laser exposure light at 

a transmittance of 1% or more, and a function to generate a 

phase difference of 150 degrees or more and 190 degrees or 

less between the exposure light transmitted through the thin 

film and the exposure light transmitted through air for a 

same distance as a thickness of the thin film. 

[Claim 19] 

The transfer mask according to claim 18, wherein a 

light shielding film is provided on the phase shift film, 

the light shielding film having a light shielding band 

pattern formed thereon. 
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[Claim 20] 

The transfer mask according to claim 19, wherein the 

light shielding film is made of a material containing 

chromium. 

[Claim 21] 

A method for manufacturing a semiconductor device 

comprising a step of exposure-transferring a transfer 

pattern on a resist film on a semiconductor substrate using 

a transfer mask according to any one of claims 15 to 20. 


