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[SPECIFICATION] 

[TITLE OF THE INVENTION] 

MASK BLANK, METHOD FOR MANUFACTURING PHASE SHIFT MASK, AND 

METHOD FOR MANUFACTURING SEMICONDOCTOR DEVICE 

[TECHNICAL FIELD] 

[0001] 

This invention relates to a mask blank for a phase shift 

mask, a method for manufacturing a phase shift mask  using the 

mask blank, and a method for manufacturing a semico nductor 

device using the phase shift mask manufactured from  the mask 

blank. 

[BACKGROUND] 

[0002] 

As a mask blank for a half tone phase shift mask, a  mask 

blank having a structure where a half tone phase sh ift film 

including a metal silicide-based material, a light shielding 

film including a chromium-based material, and an et ching mask 

film (hard mask film) including an inorganic materi al are 

laminated on a transparent substrate has been known  (e.g., see 

Publication 1).  In the case of manufacturing a pha se shift 

mask using this mask blank, initially, an etching m ask film is 

patterned through dry etching by fluorine-based gas  with a 

resist pattern formed on a surface of the mask blan k as a 

mask, subsequently a light shielding film is patter ned through 

dry etching by a mixed gas of chlorine and oxygen w ith an 

etching mask film as a mask, and further, the phase  shift film 

is patterned through dry etching by fluorine-based gas with a 

pattern of the light shielding film as a mask. 

[0003] 

On the other hand, as a mask blank using a chromium -

based material, use of a multi-layer film including  a 
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combination of CrOC and CrOCN is suggested as a lig ht 

shielding film and an anti-reflective film (e.g., s ee 

Publication 2). 

[PRIOR ART PUBLICATIONS] 

[PATENT PUBLICATIONS] 

[0004] 

Publication 1:  

International Publication WO 2004/090635 

Publication 2:  

Japanese Patent Application Publication 2001-305713  

[SUMMARY OF INVENTION] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

[0005] 

In a mask blank as described in Publication 1, it i s 

required for a light shielding film including a chr omium-based 

compound to be provided with light-shielding perfor mance that 

reduces an exposure light transmitted through a pha se shift 

film at or below a predetermined light amount.  In 

manufacturing a phase shift mask from this mask bla nk, a 

pattern including a light shielding band is formed on the 

light shielding film.  A predetermined optical dens ity is 

desired to be satisfied by a laminated structure of  the phase 

shift film and the light shielding film.  At the sa me time, 

the light shielding film is desired to function as an etching 

mask in patterning the phase shift film through dry  etching of 

fluorine-based gas to form a phase shift pattern.  At the 

finishing stage of the phase shift mask, a rather s parse 

pattern such as a light shielding pattern is genera lly formed 

on the light shielding film.  However, during formi ng a phase 

shift mask from a mask blank, a light shielding fil m should 

function as an etching mask in forming a phase shif t pattern, 

which is a fine transfer pattern, on the phase shif t film.  
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Therefore, it is preferable that a fine pattern can  also be 

formed at high dimension accuracy on the light shie lding film. 

[0006] 

In dry etching of a light shielding film made of a 

chromium-based material, a mixed gas of chlorine-ba sed gas and 

oxygen gas (oxygen-containing chlorine-based gas) i s used as 

an etching gas.  Generally, dry etching using oxyge n-

containing chlorine-based gas as an etching gas has  low 

tendency in anisotropic etching, and high tendency in 

isotropic etching. 

[0007] 

Generally, in forming a pattern on a thin film thro ugh 

dry etching, etching advances not only in thickness  direction 

of the film but also in side wall direction of the pattern 

formed on the thin film, which is so-called side et ching.  To 

suppress advancement of the side etching, it has be en done in 

dry etching to apply bias voltage from an opposite side of a 

main surface on which a thin film of a substrate is  formed, 

and to control so that more etching gas contacts in  thickness 

direction of the film.  In the case of ion-based dr y etching 

using an etching gas that is likely to form an ioni c plasma as 

fluorine-based gas, since applying bias voltage cau ses better 

controllability in etching direction and can enhanc e 

anisotropic property of etching, amount of side etc hing in the 

thin film to be etched can be minimized. 

[0008] 

On the other hand, in the case of dry etching by ox ygen- 

containing chlorine-based gas, since oxygen gas ten ds to form 

radical plasma, control of etching direction by app lying bias 

voltage is less effective so that enhancing anisotr opic 

property of etching is difficult.  Therefore, amoun t of side 

etching tends to increase in the case of forming a pattern on 

a light shielding film made of a chromium-based mat erial 
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through dry etching using oxygen-containing chlorin e-based 

gas. 

[0009] 

In the case of patterning a light shielding film of  a 

chromium-based material through dry etching using o xygen-

containing chlorine-based gas with a resist pattern  made of an 

organic-based material as an etching mask, the resi st pattern 

is etched and decreased from the upper portion.  In  this 

circumstance, side wall direction of the pattern is  also 

etched and decreased.  Therefore, width of the patt ern to be 

formed on a resist film is designed beforehand allo wing for 

the decrease amount due to side etching.  Moreover,  width of 

the pattern to be formed on the resist film is desi gned 

allowing for the side etching amount of the light s hielding 

film of a chromium-based material. 

[0010] 

In recent years, a mask blank provided with a hard mask 

film made of materials having sufficient etching se lectivity 

between a chromium-based material on a light shield ing film of 

chromium-based material is beginning to be used rel ative to 

dry etching using oxygen-containing chlorine-based gas.  In 

this mask blank, a pattern is formed on a hard mask  film 

through dry etching using a resist pattern as a mas k.  

Subsequently, a light shielding film is subjected t o dry 

etching of oxygen-containing chlorine-based gas wit h the hard 

mask film having a pattern as a mask to form a patt ern on the 

light shielding film.  This hard mask film is gener ally made 

of a material that can be patterned through dry etc hing of 

fluorine-based gas.  Dry etching of fluorine-based gas is ion-

based etching, having more tendency of anisotropic etching.  

Therefore, the pattern side wall of the hard mask f ilm to 

which a phase shift pattern is formed has less amou nt of side 

etching.  Further, in the case of dry etching of fl uorine-
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based gas, side etching amount tends to decrease al so in a 

resist pattern for forming a pattern on the hard ma sk film.  

Therefore, demand has been growing for less side et ching 

amount in dry etching of oxygen-containing chlorine -based gas 

for a light shielding film of chromium-based materi al as well. 

[0011] 

As means for solving the problem in side etching of  a 

light shielding film of a chromium-based material, study is 

being made to significantly enhance mixing ratio of  chlorine-

based gas in oxygen-containing chlorine-based gas i n dry 

etching of oxygen-containing chlorine-based gas.  T his is 

because chlorine-based gas has high tendency to tur n into 

ionic plasma.  In dry etching using oxygen-containi ng 

chlorine-based gas with higher ratio of chlorine-ba sed gas, 

decrease of etching rate of a light shielding film of a 

chromium-based material is inevitable.  To compensa te for the 

decrease of etching rate of the light shielding fil m of a 

chromium-based material, study has been made to sig nificantly 

increase bias voltage applied upon dry etching (dry  etching 

using oxygen-containing chlorine-based gas with inc reased 

ratio of chlorine-based gas and carried out under a pplication 

of high bias voltage is hereinafter to be referred to as 

"high-bias etching of oxygen-containing chlorine-ba sed gas"). 

[0012] 

The etching rate of the light shielding film of a 

chromium-based material by high-bias etching of oxy gen-

containing chlorine-based gas is at a comparable le vel to dry 

etching under conventional etching conditions.  The  amount of 

side etching of the light shielding film that gener ates upon 

etching can be decreased than before.  However, due  to demands 

for further miniaturization of a pattern to be form ed on a 

phase shift film, further decrease in side etching amount of a 

chromium-based light shielding film upon dry etchin g by 
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oxygen-containing chlorine-based gas is becoming ne cessary, so 

that simply increasing bias voltage is insufficient . 

[0013] 

For solving the above-mentioned problem, this inven tion 

provides a mask blank having a structure where a ph ase shift 

film made of a material containing silicon, a light  shielding 

film made of a material containing chromium, and a hard mask 

film are laminated in this order on a transparent s ubstrate, 

in which when the light shielding film is patterned  with the 

hard mask film as a mask using oxygen-containing ch lorine-

based gas as an etching gas, and under high-bias et ching 

conditions, side etching amount of the formed light  shielding 

film pattern is significantly reduced.  Moreover, t his 

invention provides a method of manufacturing a phas e shift 

mask in which by using the mask blank, a precise, f ine pattern 

can be formed on a phase shift film.  In addition, this 

invention provides a method of manufacturing a semi conductor 

device using the phase shift mask. 

[MEANS FOR SOLVING THE PROBLEM] 

[0014] 

This invention includes the following structures as  

means for solving the above-mentioned problem. 

[0015] 

(Structure 1) 

A mask blank having a structure in which a phase sh ift 

film, a light shielding film, and a hard mask film are 

laminated in this order on a transparent substrate,  

in which the phase shift film is made of a material  

containing silicon,    

in which the hard mask film is made of a material 

containing one or more elements selected from silic on and 

tantalum, 
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in which the light shielding film is a single layer  film 

having a composition gradient portion with increase d oxygen 

content on a surface at a side of the hard mask fil m and a 

region close thereto, 

in which the light shielding film is made of a mate rial 

containing chromium, oxygen, and carbon,  

in which a part of the light shielding film excludi ng 

the composition gradient portion has chromium conte nt of 

50atom% or more, 

in which the light shielding film has a maximum pea k of 

N1s narrow spectrum, obtained by analysis of X-ray 

photoelectron spectroscopy, of lower detection limi t or less, 

and  

in which the part of the light shielding film exclu ding 

the composition gradient portion has a maximum peak  of Cr2p 

narrow spectrum, obtained by analysis of X-ray phot oelectron 

spectroscopy, at binding energy of 574eV or less. 

[0016] 

(Structure 2) 

 The mask blank according to Structure 1, in which ratio 

of carbon content[atom%] divided by total content[a tom%] of 

chromium, carbon, and oxygen of the part of the lig ht 

shielding film excluding the composition gradient p ortion is 

0.1 or more. 

(Structure 3) 

  The mask blank according to Structure 1 or 2, in which 

the composition gradient portion of the light shiel ding film 

has a maximum peak of Cr2p narrow spectrum obtained  by 

analysis of X-ray photoelectron spectroscopy at bin ding energy 

of 576eV or more.  

[0017] 

(Structure 4) 
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The mask blank according to any one of Structures 1  to 

3, in which the light shielding film has a maximum peak of 

Si2p narrow spectrum obtained by analysis of X-ray 

photoelectron spectroscopy of lower detection limit  or less. 

(Structure 5) 

The mask blank according to any one of Structures 1  to 

4, in which the part of the light shielding film ex cluding the 

composition gradient portion has chromium content o f 80atom% 

or less. 

[0018] 

(Structure 6) 

The mask blank according to any one of Structures 1  to 

5, in which the part of the light shielding film ex cluding the 

composition gradient portion has carbon content of 10atom% or 

more and 20atom% or less. 

(Structure 7) 

The mask blank according to any one of Structures 1  to 

6, in which the part of the light shielding film ex cluding the 

composition gradient portion has oxygen content of 10atom% or 

more and 35atom% or less. 

[0019] 

(Structure 8)  

The mask blank according to any one of Structures 1  to 

7, in which the part of the light shielding film ex cluding the 

composition gradient portion has difference in cont ent of each 

constituent element in thickness direction that is less than 

10atom%. 

(Structure 9)  

The mask blank according to any one of Structures 1  to 

8, in which the light shielding film has an optical  density of 

a laminated structure of the phase shift film to an  ArF 
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excimer laser exposure light of greater than 2.0. 

[0020] 

(Structure 10) 

The mask blank according to any one of Structures 1  to 

9, in which the light shielding film has a thicknes s of 60nm 

or less. 

[0021] 

(Structure 11)  

A method of manufacturing a phase shift mask using the 

mask blank according to any one of Structures 1 to 10, 

including the steps of: 

forming a phase shift pattern on the hard mask film  

through dry etching using fluorine-based gas with a  resist 

film having a phase shift pattern formed on the har d mask film 

as a mask; 

forming a phase shift pattern on a light shielding film 

through dry etching using a mixed gas of chlorine-b ased gas 

and oxygen gas with the hard mask film having the p hase shift 

pattern formed thereon as a mask; 

forming a phase shift pattern on the phase shift fi lm 

through dry etching using fluorine-based gas with t he light 

shielding film having the phase shift pattern forme d thereon 

as a mask; and  

forming a light shielding pattern on the light shie lding 

film through dry etching using a mixed gas of chlor ine-based 

gas and oxygen gas with a resist film having the li ght 

shielding pattern formed on the light shielding fil m as a 

mask. 

[0022] 

(Structure 12) 

A method of manufacturing a semiconductor device 
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including the step of exposure-transferring a trans fer pattern 

on a resist film on a semiconductor substrate using  the phase 

shift mask of Structure 11. 

[EFFECT OF INVENTION] 

[0023] 

According to the mask blank of this invention inclu ding 

the above structures, in a mask blank having a stru cture where 

a phase shift film made of a material containing si licon, a 

light shielding film made of a material containing chromium, 

and a hard mask film are laminated in this order on  a 

transparent substrate, even if the light shielding film was 

patterned through dry etching using oxygen-containi ng 

chlorine-based gas as an etching gas and under high -bias 

etching condition, side etching amount of the patte rn of the 

light shielding film formed thereby can be signific antly 

reduced.  Further, when a phase shift film was patt erned 

through dry etching using the pattern of the light shielding 

film to be formed as an etching mask, a highly prec ise, fine 

pattern can be formed.  Therefore, a phase shift ma sk having 

highly precise and fine phase shift pattern can be obtained.  

Moreover, in manufacturing a semiconductor device u sing the 

phase shift mask, a pattern can be transferred on a  resist 

film, etc. on the semiconductor device with excelle nt 

precision. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[0024] 

[Fig. 1]  

Fig. 1 is a schematic cross-sectional view of an 

embodiment of the mask blank. 

[Fig. 2]  

Fig. 2 is a schematic cross-sectional view showing a 

manufacturing step of a phase shift mask. 
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[Fig. 3]  

 Fig. 3 shows a result (Cr2p narrow spectrum) where  the 

light shielding film of the mask blank of Example 1  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 4]  

 Fig. 4 shows a result (O1s narrow spectrum) where the 

light shielding film of the mask blank of Example 1  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 5]  

Fig. 5 shows a result (N1s narrow spectrum) where t he 

light shielding film of the mask blank of Example 1  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 6]  

Fig. 6 shows a result (C1s narrow spectrum) where t he 

light shielding film of the mask blank of Example 1  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 7]  

Fig. 7 shows a result (Si2p narrow spectrum) where the 

light shielding film of the mask blank of Example 1  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 8]  

Fig. 8 shows a result (Cr2p narrow spectrum) where the 

light shielding film of the mask blank of Example 2  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 9]  

Fig. 9 shows a result (O1s narrow spectrum) where t he 
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light shielding film of the mask blank of Example 2  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 10]  

Fig. 10 shows a result (N1s narrow spectrum) where the 

light shielding film of the mask blank of Example 2  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 11]  

Fig. 11 shows a result (C1s narrow spectrum) where the 

light shielding film of the mask blank of Example 2  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 12]  

Fig. 12 shows a result (Si2p narrow spectrum) where  the 

light shielding film of the mask blank of Example 2  was 

subjected to XPS analysis (depth direction chemical  bonding 

condition analysis). 

[Fig. 13]  

Fig. 13 shows a result (Cr2p narrow spectrum) where  the 

light shielding film of the mask blank of Comparati ve Example 

1 was subjected to XPS analysis (depth direction ch emical 

bonding condition analysis). 

[Fig. 14]  

Fig. 14 shows a result (O1s narrow spectrum) where the 

light shielding film of the mask blank of Comparati ve Example 

1 was subjected to XPS analysis (depth direction ch emical 

bonding condition analysis). 

[Fig. 15]  

Fig. 15 shows a result (N1s narrow spectrum) where the 

light shielding film of the mask blank of Comparati ve Example 

1 was subjected to XPS analysis (depth direction ch emical 

bonding condition analysis). 
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[Fig. 16]  

Fig. 16 shows a result (C1s narrow spectrum) where the 

light shielding film of the mask blank of Comparati ve Example 

1 was subjected to XPS analysis (depth direction ch emical 

bonding condition analysis). 

[Fig. 17]  

Fig. 17 shows a result (Si2p narrow spectrum) where  the 

light shielding film of the mask blank of Comparati ve Example 

1 was subjected to XPS analysis (depth direction ch emical 

bonding condition analysis). 

[EMBODIMENTS OF THE INVENTION] 

[0025] 

The embodiments of this invention are explained bel ow. 

First, the background of this invention is explaine d.  As 

chromium (Cr)-based materials constructing conventi onal mask 

blanks, materials containing nitrogen (N) such as C rON and 

CrOCN are known.  This is because defect quality of  a 

chromium-based material film is enhanced by using n itrogen gas 

in addition to oxygen-containing gas as a reactive gas when 

forming a chromium-based material film by sputterin g method.  

Further, by combining nitrogen in a chromium-based material 

film, etching rate of dry etching by oxygen-contain ing 

chlorine-based gas increases.  On the other hand, a  film-

forming method where presputtering is carried out u pon forming 

a film of a Cr-based material is being done in a ch romium-

based material film.  Since this presputtering can enhance 

defect quality of a chromium-based material film, f ilm-forming 

without the use of N 2  gas for enhancing defect quality is 

possible. 

[0026] 

As mentioned above, in dry etching a chromium-based  

material film by high-bias etching, etching rate in  film 
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thickness direction can be increased significantly compared to 

dry etching using the same etching gas condition un der normal 

bias voltage (hereinafter referred to as "dry etchi ng of 

normal condition").  Normally, in dry etching of a thin film, 

both of chemical reaction etching and physical acti on etching 

are carried out.  Chemical reaction etching is carr ied out 

through a process where etching gas in plasma state  contacts a 

surface of the thin film and bonds to metal element s in the 

thin film to produce a compound of a low boiling po int for 

sublimation.  In chemical reaction etching, bonding  of metal 

elements in bonding condition with other elements i s broken to 

produce a compound with a low boiling point.  On th e contrary, 

physical etching is carried out through a process w here ionic 

plasma in etching gas accelerated by bias voltage c ollides 

upon the surface of a thin film (a phenomena referr ed to as 

"ion bombardment"), so as to physically eject away each 

element including metal elements on the surface of the thin 

film (at which bond between elements is broken), an d a 

compound of low boiling point is produced with the metal 

elements for sublimation. 

[0027] 

High-bias etching is an etching where dry etching b y 

physical action is enhanced compared to dry etching  of a 

normal condition.  Physical action etching contribu tes 

significantly to etching in film thickness directio n, but 

contributes less to etching in side wall direction of a 

pattern.  On the contrary, chemical reaction etchin g 

contributes to both etching in film thickness direc tion and 

etching in side wall direction of a pattern.  There fore, to 

reduce side etching amount than before, it is neces sary to 

reduce easiness of being etched by chemical reactio n in a 

light shielding film of a chromium-based material t han before, 

as well as maintaining easiness in dry etching by p hysical 

action at a same level as conventional. 
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[0028] 

 The simplest approach to reduce etching amount by 

chemical reaction etching of a light shielding film  of a 

chromium-based material is to increase chromium con tent in the 

light shielding film.  However, forming the light s hielding 

film only from chromium metal causes significant re duction in 

etching amount of dry etching by physical action.  Even in the 

case of dry etching by physical action, unless the chromium 

element ejected out from the film bonds with chlori ne and 

oxygen to form chromyl chloride (CrO 2Cl 2: compound of chromium 

with low boiling point), chromium elements re-attac h to the 

light shielding film and cannot be removed.  Since there is 

limitation to increase supply of etching gas, an ex cess amount 

of chromium content in the light shielding film cau ses 

significant reduction in etching rate of the light shielding 

film. 

[0029] 

Significant reduction of etching rate of a light 

shielding film causes significant increase in etchi ng time 

when patterning the light shielding film.  Increase  in etching 

time when patterning the light shielding film cause s increase 

in time of which a side wall of the light shielding  film is 

exposed to etching gas, resulting in increase of si de etching 

amount.  An approach to significantly reduce etchin g rate of a 

light shielding film such as increasing chromium co ntent in 

the light shielding film does not lead to suppressi on of side 

etching amount. 

[0030] 

Therefore, an earnest investigation was made on 

constituent elements in a light shielding film othe r than 

chromium.  To suppress side etching amount, it is e ffective to 

include light elements that consume oxygen radical that 

promotes chemical reaction etching.  Since the mate rial for 
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forming a light shielding film needs to have at lea st 

patterning characteristics, light-shielding perform ance, 

chemical resistance upon cleaning, etc. of more tha n a certain 

level, light elements that can be included in a chr omium-based 

material forming the light shielding film for more than a 

certain amount are limited.  Typical light elements  that can 

be included in a chromium-based material for more t han a 

certain amount include oxygen, nitrogen, and carbon .  

Combining oxygen in a chromium-based material formi ng a light 

shielding film can significantly increase etching r ate in both 

high-bias etching and dry etching of normal conditi on.  

Although side etching is likely to advance at the s ame time, 

etching time in film thickness direction is signifi cantly 

shortened so that time of which a side wall of the light 

shielding film is exposed to etching gas is shorten ed.  

Considering these circumstances, it is necessary to  include 

oxygen in a chromium-based material forming a light  shielding 

film in the case of high-bias etching. 

[0031] 

When nitrogen is added to a chromium-based material  

forming a light shielding film, although not as sig nificant as 

the case of including oxygen, etching rate increase s in both 

high-bias etching and dry etching of normal conditi on.  

However, side etching is also likely to advance.  C onsidering 

that side etching is more likely to advance compare d to the 

degree of etching time in film thickness direction being 

shortened by including nitrogen in a chromium-based  material 

forming a light shielding film, in the case of high -bias 

etching, it is considered as preferable not to incl ude 

nitrogen in a chromium-based material forming a lig ht 

shielding film. 

[0032] 

In the case of dry etching of normal condition, whe n 
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carbon is included in a chromium-based material for ming a 

light shielding film, etching rate is slightly redu ced 

compared to the case of a light shielding film form ed only 

from chromium.  However, when carbon is included in  a 

chromium-based material forming a light shielding f ilm, 

durability to physical action etching is reduced co mpared to 

the case of a light shielding film formed only from  chromium.  

Therefore, when carbon is included in a chromium-ba sed 

material forming a light shielding film in the case  of high-

bias etching, etching rate is increased compared to  the case 

of a light shielding film formed only from chromium .  Further, 

when carbon is included in a chromium-based materia l forming a 

light shielding film, since oxygen radical that pro motes side 

etching is consumed, side etching is less likely to  advance 

compared to the case of including oxygen or nitroge n.  

Considering the above, in the case of high-bias etc hing, it is 

necessary that a chromium-based material forming a light 

shielding film contains carbon. 

[0033] 

 Occurrence of such significant difference between the 

case of including nitrogen and the case of includin g carbon in 

a material forming a light shielding film is due to  difference 

between Cr-N bond and Cr-C bond.  Cr-N bond has low  binding 

energy (bound energy) and bonding tends to disassoc iate 

easily.  Therefore, contact of oxygen and chlorine in the form 

of plasma causes Cr-N bond to disassociate and tend s to easily 

form chromyl chloride of low boiling point.  On the  contrary, 

Cr-C bond has high binding energy and is less likel y to 

disassociate.  Therefore, despite the contact of ox ygen and 

chlorine in the form of plasma, it is less likely t hat Cr-C 

bond is disassociated to form chromyl chloride of l ow boiling 

point. 

[0034] 
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High-bias etching has great tendency of dry etching  by 

physical action.  While elements in a thin film are  ejected 

out by ion bombardment in dry etching by physical a ction, bond 

between each element tends to break in such a circu mstance.  

Therefore, difference in easiness of production of chromyl 

chloride that occurs due to difference in degree of  binding 

energy between elements is smaller compared to the case of 

chemical reaction etching.  Etching by physical act ion that 

occurs by bias voltage significantly contributes to  etching in 

film thickness direction, but not as much in etchin g in side 

wall direction of a pattern.  Therefore, in high-bi as etching 

of a light shielding film in film thickness directi on, there 

is less difference in easiness of etching between C r-N bond 

and Cr-C bond.  

[0035] 

On the contrary, side etching that advances in side  wall 

direction of a light shielding film has high tenden cy of 

chemical reaction etching.  Therefore, if abundance  ratio of 

Cr-N bond is high in a material forming a light shi elding 

film, side etching is likely to advance.  On the ot her hand, 

if abundance ratio of Cr-C bond is high in a materi al forming 

a light shielding film, side etching is less likely  to 

advance. 

[0036] 

As a result of comprehensive consideration of the a bove, 

the following result was obtained.  Namely, a light  shielding 

film that is to be dry etched through high-bias etc hing using 

a hard mask film having a pattern formed thereon as  an etching  

mask is a single layer film having a composition gr adient 

portion with increased oxygen content at and near a  surface at 

the hard mask film side, in which the light shieldi ng film is 

made of a material containing chromium, oxygen, and  carbon; a 

portion of the light shielding film excluding the c omposition 
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gradient portion has chromium content of 50atom% or  more; a 

maximum peak of N1s narrow spectrum obtained by ana lysis of X-

ray photoelectron spectroscopy (XPS) of the light s hielding 

film is lower detection limit or less; and Cr2p nar row 

spectrum obtained by analysis of X-ray photoelectro n 

spectroscopy of the portion of the light shielding film 

excluding the composition gradient portion has a ma ximum peak 

at binding energy of 574eV or less. 

[0037] 

Detailed structures of this invention given above a re 

explained based on the drawings.  Reference numeral s applied 

in the drawings are used for similar components. 

[0038] 

<Mask Blank> 

Fig. 1 shows a schematic structure of an embodiment  of a 

mask blank.  A mask blank 100 shown in Fig. 1 has a  structure 

where one main surface of a transparent substrate 1  has a 

phase shift film 2, a light shielding film 3, and a  hard mask 

film 4 laminated in this order.  Further, the mask blank 100 

can have a structure where the hard mask film 4 has  a resist 

film laminated thereon as desired.  The detail of m ajor 

structure of the mask blank 100 is explained below.  

[0039] 

[Transparent Substrate]  

The transparent substrate 1 is made of materials ha ving 

good transmittance to exposure light used in an exp osure step 

in lithography.  Such materials include synthetic q uartz 

glass, aluminosilicate glass, soda-lime glass, low thermal 

expansion glass (SiO 2 -TiO 2  glass, etc.), and various other 

glass substrates can be used.  Particularly, a subs trate using 

synthetic quartz glass has high transmittance to Ar F excimer 

laser light (wavelength: about 193nm), which can be  used 
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preferably as the transparent substrate 1 of the ma sk blank 

100. 

[0040] 

The exposure step in lithography as used herein ref ers 

to an exposure step of lithography using a phase sh ift mask 

produced by using the mask blank 100, and the expos ure light 

hereinafter means exposure light used in the exposu re step.  

As the exposure light, any one of ArF excimer laser  light 

(wavelength: 193nm), KrF excimer laser light (wavel ength: 248 

nm), and i-line light (wavelength: 365 nm) can be a pplied, but 

in view of miniaturizing a phase shift pattern in t he exposure 

step, it is preferable to apply ArF excimer laser l ight as the 

exposure light.  Therefore, embodiments in the case  where ArF 

excimer laser light is applied as exposure light ar e described 

below. 

[0041] 

[Phase Shift Film] 

The phase shift film 2 has a predetermined transmit tance 

to exposure light used in an exposure transfer step , and has 

an optical characteristic where exposure light tran smitted 

through the phase shift film 2 and exposure light t ransmitted 

through the atmosphere for same distance as the thi ckness of 

the phase shift film 2 have a predetermined phase d ifference. 

[0042] 

The phase shift film 2 as above is deemed herein as  made 

of a material containing silicon (Si).  Further, th e phase 

shift film 2 is preferably made of a material conta ining 

nitrogen (N), other than silicon.  The phase shift film 2 as 

above can be patterned through dry etching using fl uorine-

based gas, and a material having sufficient etching  

selectivity to CrOC film forming the light shieldin g film 3 

mentioned below is used. 



Client ref. 15P27062SG 
Our ref. P068-SG 
 

21 

 

[0043] 

If capable of being patterned through dry etching u sing 

fluorine-based gas, the phase shift film 2 can furt her contain 

one or more elements selected from metalloid elemen ts, non-

metallic elements, and metal elements.   

Among the above, the metalloid elements can be any 

metalloid elements in addition to silicon.  Non-met allic 

elements can be any non-metallic elements in additi on to 

nitrogen, preferably containing one or more element s selected 

from, for example, oxygen (O), carbon (C), fluorine  (F), and 

hydrogen (H).  Metal elements include molybdenum (M o), 

tungsten (W), titanium (Ti), tantalum (Ta), zirconi um (Zr), 

hafnium (Hf), niobium (Nb), vanadium (V), cobalt (C o), 

chromium (Cr), nickel (Ni), ruthenium (Ru),  tin (S n), boron 

(B), and germanium (Ge). 

[0044] 

The phase shift film 2 as mentioned above is made o f, 

for example, MoSiN; refractive index n, extinction coefficient 

k, and film thickness of the phase shift film 2 are  selected 

respectively to satisfy a predetermined phase diffe rence 

(e.g., 140[deg]~190[deg], preferably 150[deg]~ 180[ deg]) to  

exposure light (e.g., ArF excimer laser light) and a 

predetermined transmittance (e.g., 1%~30%); and com position of 

the film material and film forming condition of the  film are 

adjusted to achieve the refractive index n and the extinction 

coefficient k. 

[0045] 

[Light Shielding Film] 

The light shielding film 3 is a film forming a ligh t 

shielding pattern including a light shielding band pattern 

formed on the mask blank 100, having light shieldin g property 

to exposure light used in exposure step in lithogra phy.  The 
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light shielding film 3 of a laminated structure wit h the phase 

shift film 2 is necessary to have more than 2.0, pr eferably 

2.8 or more, and more preferably 3.0 or more optica l density 

(OD) to, for example, ArF excimer laser light of wa velength 

193nm.  Further, in an exposure step in lithography , to 

prevent defects in exposure transfer by reflection of exposure 

light, surface reflectance of exposure light is sup pressed at 

a low rate at both main surfaces.  Particularly, re flectance 

of a surface side of the light shielding film 3 (su rface of 

the side that is farthest from transparent substrat e 1) onto 

which reflected light of exposure light from an opt ical 

reduction system of an exposure apparatus hits is p referably, 

for example, 40% or less (preferably 30% or less).  This is to 

suppress stray light that generates from multiple r eflections 

between the surface of the light shielding film 3 a nd the 

optical reduction system lens. 

[0046] 

Further, the light shielding film 3 should function  as 

an etching mask upon dry etching by fluorine-based gas for 

forming a transfer pattern (phase shift pattern) on  the phase 

shift film 2.  Therefore, the light shielding film 3 should be 

made from materials having sufficient etching selec tivity to 

the phase shift film 2 upon dry etching by fluorine -based gas.  

It is required for the light shielding film 3 to pr ecisely 

form a fine pattern that is to be formed on the pha se shift 

film 2.  Film thickness of the light shielding film  3 is 

preferably 60nm or less, more preferably 55nm or le ss, and 

further preferably 50nm or less.  When the film thi ckness of 

the light shielding film 3 is too thick, the fine p attern to 

be formed cannot be created at a high precision.  O n the other 

hand, it is required for the light shielding film 3  to satisfy 

the required optical density as given above.  There fore, the 

film thickness of the light shielding film 3 is des ired to be 

greater than 15nm, preferably 20nm or more, and fur ther 
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preferably 25nm or more.  

[0047] 

The light shielding film 3 is made of a material 

containing chromium (Cr), oxygen (O), and carbon (C ).  

Further, the light shielding film 3 includes a sing le layer 

film having a composition gradient portion with inc reasing 

oxygen content on the surface at the hard mask film  4 side and 

region close thereto.  This is caused by, in the ma nufacturing 

step, since the surface of the formed light shieldi ng film 3 

is exposed to an oxygen-containing atmosphere, a re gion 

containing an increased amount of oxygen content th an other 

regions is formed only on the surface of the light shielding 

film 3.  This oxygen content is highest at the surf ace that is 

exposed to the oxygen-containing atmosphere, and th e oxygen 

content moderately decreases with the distance from  the 

surface.  Composition of the light shielding film 3  becomes 

substantially constant from a position away for a c ertain 

distance from the surface.  The region where oxygen  content 

varies (moderately decreases) from the surface of t he light 

shielding film 3 is regarded as a composition gradi ent 

portion.  Further, in the light shielding film 3 at  regions 

other than the composition gradient portion, differ ence of 

content amount of each element in film thickness di rection is 

preferably less than 10atom%, more preferably 8atom % or less, 

and further preferably 5atom% or less.  Incidentall y, the 

composition gradient portion of the light shielding  film 3 is 

preferably a region up to the depth of less than 5n m from the 

surface, more preferably a region up to the depth o f 4nm or 

less, and further preferably a region up to the dep th of 3nm 

or less. 

[0048] 

The portion of the light shielding film 3 excluding  the 

composition gradient portion has chromium content o f 50atom% 
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or more.  This is for suppressing side etching that  generates 

when patterning the light shielding film 3 through high-bias 

etching.  On the other hand, the portion of the lig ht 

shielding film 3 excluding the composition gradient  portion 

preferably includes chromium content of 80atom% or less.  This 

is for securing sufficient etching rate when patter ning the 

light shielding film 3 through high-bias etching. 

[0049] 

A maximum peak of N1s narrow spectrum obtained by 

analysis of X-ray photoelectron spectroscopy of the  light 

shielding film 3 is lower detection limit or less.   If there 

exists a peak of N1s narrow spectrum, there should be a 

predetermined ratio or more of Cr-N bond in the mat erial 

forming the light shielding film 3.  If there exist s a 

predetermined ratio or more of Cr-N bond in a mater ial forming 

the light shielding film 3, it would be difficult t o suppress 

advancement of side etching when patterning the lig ht 

shielding film 3 through high-bias etching.  Conten t of 

nitrogen (N) in the light shielding film 3 is prefe rably 

detection limit amount or less in composition analy sis of X-

ray photoelectron spectroscopy. 

[0050] 

Cr2p narrow spectrum obtained by analysis of X-ray 

photoelectron spectroscopy of the portion of the li ght 

shielding film 3 excluding the composition gradient  portion 

has a maximum peak at binding energy of 574eV or le ss.  The 

case of the state where Cr2p narrow spectrum of a m aterial 

containing Cr has a maximum peak at binding energy higher than 

574eV, namely, the state of a chemical shift, shows  a state 

where abundance ratio of chromium atoms bonded to o ther atoms 

(particularly nitrogen) is high.  Such a chromium-b ased 

material tends to have low durability to chemical r eaction-

based etching, and it is difficult to suppress side  etching.  
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By forming the portion of the light shielding film 3 excluding 

the composition gradient portion from a chromium-ba sed 

material where Cr2p narrow spectrum has a maximum p eak at 

binding energy of 574eV or less, advancement of sid e etching 

when patterned through high-bias etching can be sup pressed. 

[0051] 

The ratio of carbon content [atom%] of the portion of 

the light shielding film 3 excluding the compositio n gradient 

portion divided by total content [atom%]of chromium , carbon, 

and oxygen is preferably 0.1 or more, and more pref erably 0.14 

or more.  As mentioned above, a major part of the l ight 

shielding film 3 is occupied by chromium, oxygen, a nd carbon.  

Majority of chromium in the light shielding film 3 exists in 

any of the form of Cr-O bond, the form of Cr-C bond , and in 

the form not bonded to oxygen and carbon.  The Cr-b ased 

material having high ratio of carbon content [atom% ] divided 

by total content [atom%] of chromium, carbon, and o xygen has 

high abundance ratio of Cr-C bond in the material, and 

applying such a Cr-based material to the light shie lding film 

3 can suppress advancement of side etching when pat terned 

through high-bias etching.  Incidentally, ratio of content 

[atom%] of carbon in the portion of the light shiel ding film 3 

excluding the composition gradient portion divided by total 

content [atom%] of chromium and carbon is preferabl y 0.14 or 

more, and more preferably, 0.16 or more. 

[0052] 

The total content of chromium, oxygen, and carbon o f the 

light shielding film 3 is preferably 95atom% or mor e, and more 

preferably, 98atom% or more.  The light shielding f ilm 3 is 

particularly preferably made of chromium, oxygen, a nd carbon, 

except for impurities that are inevitably mixed.  

Incidentally, the impurities that are inevitably mi xed herein 

indicate elements that are inevitably mixed when fo rming the 
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light shielding film 3 through sputtering method su ch as argon 

(Ar), helium (He), neon (Ne), krypton (Kr), xenon ( Xe), and 

hydrogen (H).  The portion of the light shielding f ilm 3 

excluding the composition gradient portion preferab ly has 

oxygen content of 10atom% or more and 35atom% or le ss.  

Further, the portion of the light shielding film 3 excluding 

the composition gradient portion preferably has car bon content 

of 10atom% or more and 20atom% or less.  

[0053] 

It is preferable that Cr2p narrow spectrum obtained  by 

analysis of X-ray photoelectron spectroscopy of com position 

gradient portion of the light shielding film 3 has a maximum 

peak at binding energy of 576eV or more.  Further, it is 

preferable that Si2p narrow spectrum obtained by an alysis of 

X-ray photoelectron spectroscopy of light shielding  film 3 has 

a maximum peak of lower detection limit or less.  E xistence of 

peak of Si2p narrow spectrum will show existence of  

predetermined ratio or more of unbonded silicon or silicon 

bonded to other atoms in the material forming the l ight 

shielding film 3.  Such a material is not preferabl e, since 

etching rate to dry etching by oxygen-containing ch lorine-

based gas tends to decrease.  It is preferable for the light 

shielding film 3 to have silicon content of 1 atom%  or less, 

and preferably detection limit or less by compositi on analysis 

using an X-ray photoelectron spectroscopy. 

[0054] 

The light shielding film 3 can be formed on the pha se 

shift film 2 through reactive sputtering method usi ng a target 

containing chromium.  As the sputtering method, a s puttering 

using direct current (DC) power source (DC sputteri ng), or a 

sputtering using resonance frequency (RF) power sou rce (RF 

sputtering) can be used.  In addition, magnetron sp uttering 

method and conventional method can also be used.  D C 
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sputtering is preferable for having a simple mechan ism.  

Magnetron sputtering method is preferable for incre asing film 

forming rate and enhancing productivity.  Incidenta lly, a 

film-forming apparatus can be an in-line type or a single-

wafer type. 

[0055] 

 As a sputtering gas to be used in forming the ligh t 

shielding film 3, preferable gas is one of a mixed gas of gas 

free of oxygen and containing carbon (CH 4, C 2H4, C 2H6, etc.), 

gas free of carbon and containing oxygen (O 2, O 3, etc.), and 

noble gas (Ar, Kr, Xe, He, Ne, etc.), and a mixed g as of gas 

containing carbon and oxygen (CO 2, CO, etc.) and noble gas, or 

gas containing noble gas, carbon, and oxygen and co ntaining at 

least one of gas free of oxygen and containing carb on (CH 4 , 

C2H4, C 2H6, etc.) and gas free of carbon and containing oxyge n.  

Particularly, it is safe to use a mixed gas of CO 2 and noble 

gas as sputtering gas, and CO 2 gas can be distributed 

uniformly through a wide range in a chamber for bei ng less 

reactive than oxygen gas, thus preferable in view o f forming a 

uniform film quality of the light shielding film 3 to be 

formed. As for the introduction method, the gas can  be 

introduced separately into the chamber, or can be i ntroduced 

by mixing some or all gas. 

[0056] 

Materials of the target can include, not only a sim ple 

substance of chromium, but chromium as a major subs tance, and 

chromium including any one of oxygen and carbon, or  a 

combination of oxygen and carbon added to chromium can be used 

as the target. 

[0057] 

[Hard Mask Film] 

The hard mask film 4 is provided in contact with a 
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surface of the light shielding film 3.  The hard ma sk film 4 

is a film made of a material having etching durabil ity to 

etching gas used in etching the light shielding fil m 3.  It is 

sufficient for the hard mask film 4 to have film th ickness 

that can function as an etching mask until dry etch ing for 

forming a pattern on the light shielding film 3 is completed, 

and is not basically subjected to limitation of opt ical 

characteristics.  Therefore, the thickness of the h ard mask 

film 4 can be significantly less than the thickness  of the 

light shielding film 3. 

[0058] 

The thickness of the hard mask film 4 is required t o be 

20nm or less, preferably 15nm or less, and more pre ferably 

10nm or less.  This is because if the hard mask fil m 4 is too 

thick, a resist film, which is an etching mask in d ry etching 

for forming a light shielding pattern on the hard m ask film 4, 

needs to have thickness.  Thickness of the hard mas k film 4 is 

required to be 3nm or more, and preferably 5nm or m ore.  This 

is because if the hard mask film 4 is too thin, the re is a 

risk that the pattern of the hard mask film 4 disap pears 

before completion of dry etching in forming a light  shielding 

pattern on the light shielding film 3 depending on the 

condition of high-bias etching by oxygen-containing  chlorine-

based gas. 

[0059] 

It is sufficient for the resist film of an organic- based 

material used as an etching mask in dry etching by fluorine-

based gas for forming a pattern on the hard mask fi lm 4 to 

have a film thickness that can function as an etchi ng mask 

until dry etching of the hard mask film 4 is comple ted.  

Therefore, providing the hard mask film 4 can signi ficantly 

reduce thickness of the resist film compared to con ventional 

structures without the hard mask film 4. 
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[0060] 

The hard mask film 4 is preferably made of a materi al 

containing one or more elements selected from silic on and 

tantalum.  In the case of forming the hard mask fil m 4 from a 

material containing silicon, it is preferable to ap ply SiO 2, 

SiN, SiON, etc.  Since the hard mask film 4 in this  case tends 

to have low adhesiveness with a resist film of an o rganic-

based material, it is preferable to subject the sur face of the 

hard mask film 4 to HMDS (Hexamethyldisilazane) tre atment to 

enhance surface adhesiveness. 

[0061] 

 Further, in the case of forming the hard mask film  4 

from a material containing tantalum, it is preferab le to 

apply, other than tantalum metal, a material includ ing 

tantalum containing one or more elements selected f rom 

nitrogen, oxygen, boron, and carbon, for example, T a, TaN, 

TaO, TaON, TaBN, TaBO, TaBON, TaCN, TaCO, TaCON, Ta BCN, and 

TaBOCN.  The hard mask film 4 contains tantalum (Ta ) and 

oxygen (O), which is preferably made of O content o f 50atom% 

or more (hereinafter referred to as TaO-based mater ial). 

[0062] 

It is required for the hard mask film 4 to have 

sufficiently high etching durability to high-bias e tching in 

patterning the light shielding film 3.  Insufficien t etching 

durability causes etching on an edge portion of the  pattern of 

the hard mask film 4 causing reduction of the mask pattern, 

which degrades precision of a light shielding patte rn.  By 

including at least 50atom% or more oxygen content i n a 

material containing Ta, durability to dry etching b y oxygen-

containing chlorine-based gas can be significantly enhanced. 

[0063] 

It is preferable that the hard mask film 4 of TaO-b ased 
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material has a microcrystalline crystal structure, preferably 

amorphous.  When crystal structure in the hard mask  film 4 of 

TaO-based material is microcrystalline or amorphous , the 

structure is unlikely to become a single structure and is 

likely to become a condition where a plurality of c rystal 

structures is mixed.  Therefore, TaO-based material  in the 

hard mask film 4 is likely to form a condition wher e TaO bond, 

Ta2O3 bond, TaO 2  bond, and Ta 2O5 bond are mixed (mixed crystal 

state).  As abundance ratio of Ta 2O5 bond increases in TaO-

based material in the hard mask film 4, durability to dry 

etching by oxygen-containing chlorine-based gas ten ds to be 

enhanced.  Further, as abundance ratio of Ta 2O5 bond increases 

in TaO-based material in the hard mask film 4, prop erty to 

prevent hydrogen intrusion, chemical resistance, re sistance to 

hot water, and ArF light fastness also tend to be e nhanced. 

[0064] 

When oxygen content in the hard mask film 4 of TaO- based 

material is 50atom% or more and less than 66.7atom% , it is 

considered that Ta 2O3 bond tends to be the majority of the 

bonding condition of tantalum and oxygen in the fil m, and it 

is considered that the amount of TaO bond which is the most 

unstable bond becomes extremely small compared to t he case 

where oxygen content in the film is less than 50ato m%.  When 

oxygen content in the film is 66.7atom% or more in the hard 

mask film 4 of TaO-based material, it is considered  that TaO 2 

bond tends to be the majority of the bonding condit ion of 

tantalum and oxygen, and it is considered that the amounts of 

TaO bond which is the most unstable bond and Ta 2O3  bond which 

is an unstable bond next thereto both become extrem ely small. 

[0065] 

Further, if the hard mask film 4 of TaO-based mater ial 

has oxygen content of 67atom% or more in the film, it can be 

considered that not only TaO 2 bond becomes the majority, but 
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ratio of bonding condition of Ta 2O5 also becomes higher.  In 

such oxygen content, bonding condition of TaO 2, and Ta 2O3 

rarely exist, and renders bonding condition of TaO to hardly 

exist.  If the hard mask film 4 of TaO-based materi al has 

oxygen content in the film of about 71.4atom%, the film is 

considered as formed substantially only from bondin g condition 

of Ta 2O5 (since oxygen content of Ta 2O5, the most oxidized 

bonding condition, is 71.4atom%). 

[0066] 

If the hard mask film 4 of TaO-based material has o xygen 

content of 50atom% or more, the film will include n ot only 

Ta2O5 with most stable bonding condition, but also bondi ng 

condition of TaO 2 and Ta 2O3.  On the other hand, in the hard 

mask film 4 of TaO-based material, the lowest limit  of oxygen 

content including less amount of TaO bond, which is  the most 

unstable bond, within the range of not affecting dr y etching 

durability, is considered as at least 50atom%. 

[0067] 

  Ta 2O5 bond is a bonding condition having an extremely 

high stability, and durability to high-bias etching  can be 

enhanced significantly by increasing abundance rati o of Ta 2O5 

bond.  Further, mask cleaning durability such as pr operty to 

prevent hydrogen intrusion, chemical resistance, an d 

resistance to hot water, and ArF light fastness are  enhanced 

significantly.  Particularly, it is most preferable  that TaO 

forming the hard mask film 4 is formed only from bo nding 

condition of Ta 2O5.  Incidentally, nitrogen and other elements 

in the hard mask film 4 of TaO-based material are p referably 

within the range of not affecting these functional effects, 

and more preferably substantially free thereof. 

[0068] 

Further, by forming the hard mask film 4 of TaO-bas ed 

material from a material where a maximum peak of Ta 4f narrow 
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spectrum obtained by analysis of X-ray photoelectro n 

spectroscopy is higher than 23eV, durability to hig h-bias 

etching can be significantly enhanced.  Material ha ving high 

binding energy tends to enhance durability to dry e tching by 

oxygen-containing chlorine-based gas.  Further, pro perty to 

prevent hydrogen intrusion, chemical resistance, re sistance to 

hot water, and ArF light fastness also tend to be e nhanced.  

Bonding condition having the highest binding energy  in 

tantalum compounds is Ta 2O5 bond. 

[0069] 

 In a material containing tantalum where a maximum peak 

of Ta4f narrow spectrum is 23eV or less, Ta 2O5 bond is less 

likely to exist.  Therefore, the hard mask film 4 o f TaO-based 

material preferably has a maximum peak of Ta4f narr ow spectrum 

obtained by analysis of X-ray photoelectron spectro scopy of 

24eV or more, more preferably 25eV or more, and par ticularly 

preferably 25.4eV or more.  When a maximum peak of Ta4f narrow 

spectrum obtained by analysis of X-ray photoelectro n 

spectroscopy is 25eV or more, bonding condition of tantalum 

and oxygen in the hard mask film will mainly be Ta 2O5 bond, 

significantly enhancing durability to high-bias etc hing. 

[0070] 

 TaO-based material forming the hard mask film 4 ha ving 

oxygen content of 50atom% tends to have tensile str ess.  On 

the contrary, material containing chromium, oxygen,  and carbon 

as main components (CrOC-based material) forming th e light 

shielding film 3 tends to have compressive stress.  Generally, 

annealing is carried out as a treatment to reduce s tress on a 

thin film.  However, since it is difficult to heat a thin film 

of a chromium-based material under high temperature  of 300 

degrees or more, it is difficult to reduce compress ive stress 

of CrOC-based material down to zero.  As in the mas k blank 100 

of this embodiment, by forming a structure where a hard mask 
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film 4 of TaO-based material is laminated on the li ght 

shielding film 3 of CrOC-based material, compensati on occurs 

between compressive stress of the light shielding f ilm 3 and 

tensile stress of the hard mask film 4 so that stre ss of the 

entire laminated structure can be reduced. 

[0071] 

[Resist Film] 

In the mask blank 100, a resist film made of an org anic-

based material is preferably formed at a film thick ness of 100 

nm or less in contact with a surface of the hard ma sk film 4. 

In the case of a fine pattern compatible with the D RAM hp32 nm 

generation, SRAF (Sub-Resolution Assist Feature) ha ving a line 

width of 40 nm may be provided in a light shielding  pattern 

that is to be formed on the light shielding film 3.   However, 

also in this case, as described above, as a result of 

providing the hard mask film 4, the film thickness of the 

resist film can be suppressed, and as a consequence , a cross-

sectional aspect ratio of the resist pattern formed  of the 

resist film can be set as low as 1:2.5.  Therefore,  collapse 

or peeling off of the resist pattern during the dev elopment, 

rinsing, and the like of the resist film can be sup pressed.  

It is more preferable that the resist film has a fi lm 

thickness of 80 nm or less.  The resist film is pre ferably a 

resist for electron beam writing exposure, and it i s more 

preferable that the resist is a chemically amplifie d resist. 

[0072] 

[Mask Blank Manufacturing Process] 

 The mask blank 100 of the above structure is 

manufactured through the following procedure.  Firs t, a 

transparent substrate 1 is prepared.  This transpar ent 

substrate 1 includes an end surface and a main surf ace 

polished into a predetermined surface roughness (e. g., root 

mean square roughness Rq of 0.2nm or less in an inn er region 
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of a square of 1 µm side), and thereafter subjected to 

predetermined cleaning treatment and drying treatme nt. 

[0073] 

Next, a phase shift film 2 is formed on the transpa rent 

substrate 1 by sputtering method.  After the phase shift film 

2 is formed, annealing is carried out at a predeter mined 

heating temperature.  Next, the light shielding fil m 3 is 

formed on the phase shift film 2 by sputtering meth od.  

Subsequently, the hard mask film 4 is formed on the  light 

shielding film 3 by sputtering method.  In formatio n of each 

layer by sputtering method, sputtering target and s puttering 

gas containing materials forming each layer at pred etermined 

composition ratio are used, and moreover, the mixed  gas of 

noble gas and reactive gas mentioned above is used as 

sputtering gas as necessary.  Thereafter, in the ca se where 

the mask blank 100 includes a resist film, the surf ace of the 

hard mask film 4 is subjected to HMDS (Hexamethyldi silazane) 

treatment as necessary.  Next, a resist film is for med by 

coating methods such as spin coating on the surface  of the 

hard mask film 4 subjected to HMDS treatment to com plete the 

mask blank 100. 

[0074] 

<Method of Manufacturing Phase Shift Mask> 

Next, manufacturing method of a phase shift mask 

according to this embodiment will be explained, wit h the 

manufacturing method of a half tone phase shift mas k using the 

mask blank 100 of the structure shown in Fig. 1 as an example. 

[0075] 

First, a resist film is formed on the hard mask fil m 4 

of the mask blank 100 by spin-coating.  Next, a fir st pattern 

(phase shift pattern) to be formed on the phase shi ft film 2 

is drawn on the resist film by exposure writing wit h electron 
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beam.  Thereafter, the resist film is subjected to 

predetermined treatments such as PEB treatment, dev eloping 

treatment, and post-baking treatment, and a first p attern 

(resist pattern 5a) is formed on the resist film (s ee Fig. 

2(a)). 

[0076] 

Next, dry etching of the hard mask film 4 is carrie d out 

using fluorine-based gas with the resist pattern 5a  as a mask, 

and a first pattern (hard mask pattern 4a) is forme d on the 

hard mask film 4 (see Fig. 2(b)).  Subsequently, th e resist 

pattern 5a is removed.  Incidentally, dry etching o f the light 

shielding film 3 can be carried out with the resist  pattern 5a 

remaining.  In such a case, the resist pattern 5a i s 

eliminated upon dry etching of the light shielding film 3. 

[0077] 

Next, high-bias etching using oxygen-containing 

chlorine-based gas is carried out using the hard ma sk pattern 

4a as a mask, and a first pattern (light shielding pattern 3a) 

is formed on the light shielding film 3 (see Fig. 2 (c)).  In 

dry etching by oxygen-containing chlorine-based gas  on the 

light shielding film 3, etching gas having higher m ixing ratio 

of chlorine-based gas is used than conventionally u sed.  

Mixing ratio of mixed gas of chlorine-based gas and  oxygen gas 

in dry etching of the light shielding film 3 is, at  gas flow 

ratio in the etching apparatus, preferably chlorine -based gas: 

oxygen gas=10 or more:1, more preferably 15 or more :1, and 

further preferably 20 or more:1.  By using etching gas with 

high mixing ratio of chlorine-based gas, anisotropi c property 

of dry etching can be enhanced.  Further, in dry et ching of 

the light shielding film 3, mixing ratio of mixed g as of 

chlorine-based gas and oxygen gas is, at gas flow r atio in an 

etching chamber, preferably chlorine-based gas: oxy gen gas=40 

or less:1. 



Client ref. 15P27062SG 
Our ref. P068-SG 
 

36 

 

[0078] 

In dry etching of the light shielding film 3 using 

oxygen-containing chlorine-based gas, bias voltage to be 

applied from the back side of the transparent subst rate 1 is 

set to be higher than what is conventionally done.  Although 

effects of increasing bias voltage vary depending o n etching 

apparatuses, power [W] upon application of the bias  voltage 

is, for example, preferably 15[W] or more, more pre ferably 

20[W] or more, and even more preferably 30[W] or mo re.  By 

increasing bias voltage, anisotropic property of dr y etching 

by oxygen-containing chlorine-based gas can be enha nced. 

[0079] 

Subsequently, dry etching is carried out using fluo rine-

based gas with the light shielding pattern 3a as a mask, a 

first pattern (phase shift pattern 2a) is formed on  the phase 

shift film 2, and the hard mask pattern 4a is remov ed (see 

Fig. 2(d)).  Next, a resist film is formed on the l ight 

shielding pattern 3a by spin coating.  On the resis t film, a 

second pattern (light shielding pattern) that shoul d be formed 

on the light shielding film 3 is drawn by exposure writing 

with electron beam.  Thereafter, predetermined trea tments such 

as developing treatment are carried out, and a resi st film 

(resist pattern 6b) having a second pattern (light shielding 

pattern) is formed (see Fig. 2(e)). 

[0080] 

Next, dry etching is carried out using a mixed gas of 

chlorine-based gas and oxygen gas with the resist p attern 6b 

as a mask, and a second pattern (light shielding pa ttern 3b) 

is formed on the light shielding film 3 (see Fig. 2 (f)).   

Incidentally, dry etching of the light shielding fi lm 3 at 

this stage can be done under conventional condition s for bias 

voltage and mixing ratio of chlorine-based gas and oxygen gas.  

Further, the resist pattern 6b is removed, predeter mined 
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treatments such as cleaning are carried out, and a phase shift 

mask 200 is obtained (see Fig. 2(g)). 

[0081] 

There is no particular limitation to chlorine-based  gas 

used for dry etching in the above manufacturing ste p, as long 

as Cl is included, the chlorine-based gas including , for 

example, Cl 2 , SiCl 2 , CHCl 3 , CH 2 Cl 2 , CCl 4 , and BCl 3 .  Further, 

there is no particular limitation to fluorine-based  gas to be 

used for the dry etching in the above manufacturing  step, as 

long as F is included, the fluorine-based gas inclu ding, for 

example, CHF 3 , CF 4 , C 2 F6 , C 4 F8 , and SF 6 .  Particularly, 

fluorine-based gas free of C can further reduce dam age on a 

glass substrate for having a relatively low etching  rate to a 

glass substrate. 

[0082] 

The phase shift mask 200 manufactured through the a bove 

steps has a structure where the transparent substra te 1 has a 

phase shift pattern 2a and a light shielding patter n 3b 

laminated in this order from the transparent substr ate 1 side. 

[0083] 

In the manufacturing method of the phase shift mask  

explained above, the phase shift mask 200 is manufa ctured 

using the mask blank 100 explained in Fig. 1.  In t he 

manufacture of the phase shift mask described above , dry 

etching by oxygen-containing chlorine-based gas hav ing 

tendency of isotropic etching is applied in the ste p of Fig. 

2(c) which is a dry etching step for forming a phas e shift 

pattern (fine pattern that should be formed on the phase shift 

film 2) on the light shielding film 3.  Further, th e dry 

etching by oxygen-containing chlorine-based gas in the step of 

Fig. 2(c) is carried out under an etching condition  having 

higher ratio of chlorine-based gas in the oxygen-co ntaining 

chlorine-based gas and applying high bias.  Thus, i n the step 
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of dry etching of the light shielding film 3, reduc tion of 

etching rate can be suppressed while enhancing tend ency of 

anisotropic property of etching.  Thus, side etchin g when 

forming a phase shift pattern on the light shieldin g film 3 is 

reduced. 

[0084] 

 By using the light shielding pattern 3a with reduc ed 

side etching and having a precisely formed phase sh ift pattern 

as an etching mask and etching the phase shift film  2 using 

fluorine-based gas through dry etching, the phase s hift 

pattern 2a can be formed with high precision.  Thro ugh the 

above action, the phase shift mask 200 with excelle nt pattern 

precision can be manufactured. 

[0085] 

<Manufacturing Method of Semiconductor Device> 

Next, manufacturing method of a semiconductor devic e 

using the phase shift mask manufactured by the abov e-mentioned 

manufacturing method is described.  The manufacturi ng method 

of the semiconductor device is characterized in usi ng the half 

tone phase shift mask 200 manufactured by the above  

manufacturing method, and exposure-transferring a t ransfer 

pattern (phase shift pattern 2a) of the phase shift  mask 200 

on a resist film on a substrate.  The manufacturing  method of 

the semiconductor device as above is carried out as  follows. 

[0086] 

First, a substrate for forming the semiconductor de vice 

is prepared.  The substrate can be, for example, a 

semiconductor substrate, a substrate having a semic onductor 

thin film, and can further have a fine-processed fi lm formed 

thereon.  A resist film is formed on the prepared s ubstrate, 

and the resist film is subjected to pattern exposur e using the 

half tone phase shift mask 200 manufactured by the 
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manufacturing method mentioned above.  Thus, the tr ansfer 

pattern formed on the phase shift mask 200 is expos ure-

transferred to the resist film.  On this occasion, exposure 

light corresponding to the phase shift film 2 formi ng the 

transfer pattern is used as the exposure light, for  example, 

ArF excimer laser light is used herein. 

[0087] 

Further, the resist film onto which the transfer pa ttern 

is exposure-transferred is subjected to developing treatment 

to form a resist pattern, subjected to etching proc essing on a 

surface layer of the substrate using the resist pat tern as a 

mask, treated to introduce impurities, etc.  After the 

completion of the treatments, the resist pattern is  removed.  

The above treatments are repeated on the substrate while 

replacing the transfer mask, and through further ne cessary 

processing, the semiconductor device is completed. 

[0088] 

In the manufacture of the semiconductor device as 

mentioned above, a resist pattern with a precision that 

sufficiently satisfies initial design specification  can be 

formed on the substrate by using the half tone phas e shift 

mask manufactured by the above-mentioned manufactur ing method.  

Therefore, in the case where a lower layer film bel ow the 

resist film is dry etched to form a circuit pattern  using the 

pattern of the resist film as a mask, a highly prec ise circuit 

pattern without short-circuit of wiring and disconn ection 

caused by insufficient precision can be formed. 

[EXAMPLES]  

[0089] 

The embodiments of this invention are further descr ibed 

concretely below along with examples. 

[0090] 
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<Example 1> 

[Manufacture of Mask Blank] 

In view of Fig. 1, a transparent substrate 1 made o f a 

synthetic quartz glass with a size of a main surfac e of about 

152mm × about 152mm and a thickness of about 6.35mm  was 

prepared.  End surface and main surface of the tran sparent 

substrate 1 were polished to a predetermined surfac e roughness 

(0.2nm or less Rq), and thereafter subjected to pre determined 

cleaning treatment and drying treatment. 

[0091] 

Next, the transparent substrate 1 was placed in a s ingle-

wafer DC sputtering apparatus, and by reactive sput tering (DC 

sputtering) using a mix-sintered target of molybden um (Mo) and 

silicon (Si) (Mo:Si=11atom%:89atom%) and with a mix ed gas of 

argon (Ar), nitrogen (N 2), and helium (He) as sputtering gas, 

a phase shift film 2 made of molybdenum, silicon, a nd nitrogen 

was formed on the transparent substrate 1 at a thic kness of 

69nm. 

[0092] 

Next, the transparent substrate 1 having the phase shift 

film 2 formed thereon was subjected to heat treatme nt for 

reducing film stress of the phase shift film 2 and for forming 

an oxidization layer on the surface layer.  Concret ely, the 

heat treatment was carried out using a heating furn ace 

(electric furnace) at a heating temperature of 450 °C in the 

atmosphere for one hour.  Transmittance and phase d ifference 

of the phase shift film 2 after the heat treatment to a light 

of 193nm wavelength were measured using a phase shi ft 

measurement apparatus (MPM193 manufactured by Laser tec), and 

the transmittance was 6.0% and the phase difference  was 177.0 

degrees. 

[0093] 
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Next, the transparent substrate 1 having the phase shift 

film 2 formed thereon was placed in a single-wafer DC 

sputtering apparatus, and reactive sputtering (DC s puttering) 

was carried out using a chromium (Cr) target under an 

environment of a mixed gas of argon (Ar), carbon di oxide 

(CO2), and helium (He).  Thus, a light shielding film ( CrOC 

film) 3 made of chromium, oxygen, and carbon was fo rmed at a 

film thickness of 36nm in contact with the phase sh ift film 2. 

[0094] 

Next, the transparent substrate 1 having the light 

shielding film (CrOC film) 3 formed thereon was sub jected to 

heat treatment.  Concretely, the heat treatment was  carried 

out using a hot plate at a heating temperature of 2 80 °C in the 

atmosphere for five minutes.  After the heat treatm ent, a 

spectrophotometer (Cary4000 manufactured by Agilent  

Technologies) was used on the transparent substrate  1 having 

the phase shift film 2 and the light shielding film  3 

laminated thereon to measure optical density of the  laminated 

structure of the phase shift film 2 and the light s hielding 

film 3 to ArF excimer laser light wavelength (about  193nm), 

confirming the value of 3.0 or more. 

[0095]  

Next, the transparent substrate 1 having the phase shift 

film 2 and the light shielding film 3 laminated the reon was 

placed in a single-wafer RF sputtering apparatus, a nd by RF 

sputtering using silicon dioxide (SiO 2) target and argon (Ar) 

gas as sputtering gas, a hard mask film 4 made of s ilicon and 

oxygen was formed on the light shielding film 3 at a thickness 

of 12nm.  Further, a predetermined cleaning treatme nt was 

carried out to form a mask blank 100 of Example 1. 

[0096] 

 Another transparent substrate 1 was prepared, whic h has 

only the light shielding film 3 formed on its main surface 
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under the same conditions as above, and which was s ubjected to 

heat treatment.  The light shielding film 3 was ana lyzed by an 

X-ray photoelectron spectroscopy (with XPS, RBS cor rections).  

As a result, it was confirmed that the region near the surface 

that is opposite of the transparent substrate 1 sid e of the 

light shielding film 3 (region up to about 2nm dept h from the 

surface) has a composition gradient portion having more oxygen 

content than other regions (40atom% or more oxygen content).  

Further, content of each constituent element in the  region of 

the light shielding film 3 excluding the compositio n gradient 

portion was found to be, at an average value, Cr: 7 1atom%, O: 

15atom%, and C: 14atom%.  Moreover, it was confirme d that each 

difference of each constituent element in thickness  direction 

of the region of the light shielding film 3 excludi ng the 

composition gradient portion is 3atom% or less, and  there is 

substantially no composition gradient in thickness direction. 

[0097] 

  On the result obtained as analysis result by X-ra y 

photoelectron spectroscopy on the light shielding f ilm 3 of 

Example 1, result of depth direction chemical bondi ng 

condition analysis of Cr2p narrow spectrum is shown  in Fig. 3, 

result of depth direction chemical bonding conditio n analysis 

of O1s narrow spectrum is shown in Fig. 4, result o f depth 

direction chemical bonding condition analysis of N1 s narrow 

spectrum is shown in Fig. 5, result of depth direct ion 

chemical bonding condition analysis of C1s narrow s pectrum is 

shown in Fig. 6, and result of depth direction chem ical 

bonding condition analysis of Si2p narrow spectrum is shown in 

Fig. 7, respectively. 

[0098] 

In the analysis of X-ray photoelectron spectroscopy  on 

the light shielding film 3, steps of irradiating X- ray on the 

surface of the light shielding film 3 to measure en ergy 
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distribution of photoelectron emitted from the ligh t shielding 

film 3, digging the light shielding film 3 for a pr edetermined 

time through Ar gas sputtering, irradiating X-ray o n the 

surface of the light shielding film 3 of the dug re gion, and 

measuring the energy distribution of photoelectron emitted 

from the light shielding film 3 are repeated to ana lyze film 

thickness direction of the light shielding film 3.  

Incidentally, this analysis of X-ray photoelectron 

spectroscopy was carried out using monochromatized Al 

(1486.6eV) as an X-ray source, under the conditions  of 100 µmφ 

photoelectron detection area and about 4~5nm detect ion depth 

(take-off angle 45deg) (the same applies to other E xamples and 

Comparative Examples hereinafter). 

[0099] 

In each depth direction chemical bonding condition 

analysis in Fig. 3 to Fig. 6, "0.00min plot" shows the 

analysis result of a uppermost surface of the light  shielding 

film 3 before Ar gas sputtering (sputtering time: 0 min), 

"0.80min plot" shows the analysis result at a posit ion in  

film thickness direction of the light shielding fil m 3 after a 

uppermost surface of the light shielding film 3 was  dug only 

for 0.80min by Ar gas sputtering, "1.60min plot" sh ows 

analysis result at a position in film thickness dir ection of 

the light shielding film 3 after a uppermost surfac e of the 

light shielding film 3 was dug only for 1.60min by Ar gas 

sputtering, "5.60min plot" shows analysis result at  a position 

in film thickness direction of the light shielding film 3 

after a uppermost surface of the light shielding fi lm 3 was 

dug only for 5.60min by Ar gas sputtering, and "12. 00min plot" 

shows analysis result at a position in film thickne ss 

direction of the light shielding film 3 after a upp ermost 

surface of the light shielding film 3 was dug only for 

12.00min by Ar gas sputtering. 

[0100] 
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Incidentally, the position in film thickness direct ion 

of the light shielding film 3 after a uppermost sur face of the 

light shielding film 3 was dug only for 0.80min by Ar gas 

sputtering is the position deeper than the composit ion 

gradient portion.  Namely, all plots of the positio ns of depth 

of "0.80min plot" and thereafter are measured resul t of the 

portion of the light shielding film 3 excluding the  

composition gradient portion. 

[0101] 

The result of Cr2p narrow spectrum in Fig. 3 proves  that 

the light shielding film 3 of Example 1 has a maxim um peak at 

574eV binding energy, except for the uppermost surf ace 

(0.00min plot).  This result indicates the existenc e of 

chromium atoms that are not bonded to atoms such as  nitrogen 

and oxygen at or more than a certain ratio. 

[0102] 

The result of O1s narrow spectrum of Fig. 4 proves that 

the light shielding film 3 of Example 1 has a maxim um peak at 

about 530eV binding energy, except for the uppermos t surface 

(0.00min plot).  This result indicates the existenc e of Cr-O 

bond at or more than a certain ratio. 

[0103] 

The result of N1s narrow spectrum of Fig. 5 proves that 

the light shielding film 3 of Example 1 has a maxim um peak of 

lower detection limit or less in all depth regions.   The 

result indicates that abundance ratio of atoms bond ed to 

nitrogen, including Cr-N bond, was not detected in the light 

shielding film 3. 

[0104] 

The result of C1s narrow spectrum of Fig. 6 proves that 

the light shielding film 3 of Example 1 has a maxim um peak at 

282~283eV binding energy, except for the uppermost surface 
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(0.00min plot).  This result indicates the existenc e of Cr-C 

bond at or more than a certain ratio.   

[0105] 

The result of Si2p narrow spectrum of Fig. 7 proves  that 

the light shielding film 3 of Example 1 has a maxim um peak of 

lower detection limit or less in all depth regions.   The 

result indicates that abundance ratio of atoms bond ed to 

silicon, including Cr-Si bond, was not detected in the light 

shielding film 3. 

[0106] 

[Manufacture of Phase Shift Mask] 

Next, a half tone phase shift mask 200 of Example 1  was 

manufactured through the following procedure using the mask 

blank 100 of Example 1.  First, a surface of the ha rd mask 

film 4 was subjected to HMDS treatment.  Subsequent ly, a 

resist film of a chemically amplified resist for el ectron beam 

writing was formed in contact with the surface of t he hard 

mask film 4 by spin coating at a film thickness of 80nm.  

Next, a first pattern, which is a phase shift patte rn to be 

formed on the phase shift film 2, was drawn on the resist film 

with electron beam, predetermined developing and cl eaning 

treatments were conducted, and a resist pattern 5a having the 

first pattern was formed (see Fig. 2(a)).  The firs t pattern 

was formed to include a line-and-space pattern havi ng a line 

width of 100nm.   

[0107] 

Next, dry etching was conducted using CF 4 gas with the 

resist pattern 5a as a mask, and a first pattern (h ard mask 

pattern 4a) was formed on the hard mask film 4 (see  Fig. 

2(b)).  Length measurement of space width was made on the 

formed hard mask pattern 4a at the region where the  line-and-

space pattern is formed, using a length measurement  SEM (CD-
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SEM: Critical Dimension-Scanning Electron Microscop e). 

[0108] 

Next, the resist pattern 5a was removed.  Subsequen tly, 

dry etching (high-bias etching where power when bia s voltage 

was applied is 50[W]) using a mixed gas of chlorine  gas (Cl 2) 

and oxygen gas (O 2) (gas flow ratio Cl 2:O 2=13:1) was conducted 

with the hard mask pattern 4a as a mask, and a firs t pattern 

(light shielding pattern 3a) was formed on the ligh t shielding 

film 3 (see Fig. 2(c)).  Incidentally, the time app lied as an 

etching time of the light shielding film 3 (total e tching 

time) is 1.5 times from the initiation of etching o f the light 

shielding film 3 until the surface of the phase shi ft film 2 

first appears (just etching time).  Namely, over et ching was 

carried out with an addition of only 50% of the jus t etching 

time (over etching time).  By carrying out the over  etching, 

verticality of the pattern side wall of the light s hielding 

film 3 can be enhanced. 

[0109] 

Next, dry etching was conducted using fluorine-base d gas 

(SF 6 +He) with the light shielding pattern 3a as a mask,  and a 

first pattern (phase shift pattern 2a) was formed o n the phase 

shift film 2, and at the same time the hard mask pa ttern 4a 

was removed (see Fig. 2(d)). 

[0110] 

Length measurement of space width was carried out o n the 

formed phase shift pattern 2a in the region where t he line-

and-space pattern is formed using a length measurem ent SEM 

(CD-SEM: Critical Dimension-Scanning Electron Micro scope). 

Thereafter, etching bias, which is the change amoun t between 

the previously-measured space width of the hard mas k pattern 

4a and the space width of the phase shift pattern 2 a, was 

calculated for each of the plurality of locations i n the 

region where the same line-and-space pattern is for med, and 
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further, average value of etching bias was calculat ed.  As a 

result, the average value of etching bias was about  4nm, which 

was significantly less than conventional.  This sho ws that 

even if the light shielding film 3 is patterned thr ough high-

bias etching using the hard mask pattern 4a having a fine 

transfer pattern that should be formed on the phase  shift film 

2 as an etching mask, the fine transfer pattern can  be formed 

on the light shielding film 3 at high precision. 

[0111] 

Next, a resist film of a chemically amplified resis t for 

electron beam writing was formed on the light shiel ding 

pattern 3a by spin coating at a film thickness of 1 50nm.  

Next, a second pattern, which is a pattern (pattern  including 

light shielding band pattern) to be formed on the l ight 

shielding film, was exposed and drawn on the resist  film, 

further subjected to predetermined treatments such as 

developing, and a resist pattern 6b having the ligh t shielding 

pattern was formed (see Fig. 2(e)).  Subsequently, dry etching 

was conducted with a mixed gas of chlorine gas (Cl 2) and 

oxygen gas (O 2) (gas flow ratio Cl 2 :O 2 =4:1) using the resist 

pattern 6b as a mask, and a second pattern (light s hielding 

pattern 3b) was formed on the light shielding film 3 (see Fig. 

2(f)).  Further, the resist pattern 6b was removed,  

predetermined treatments such as cleaning were carr ied out, 

and the phase shift mask 200 was obtained (see Fig.  2(g)). 

[0112] 

[Evaluation of Pattern Transfer Performance] 

On the phase shift mask 200 manufactured by the abo ve 

procedures, a simulation of a transfer image was ma de when an 

exposure transfer was made on a resist film on a se miconductor 

device using AIMS193 (manufactured by Carl Zeiss) a t an 

exposure light of wavelength 193nm.  The simulated exposure 

transfer image was inspected, and the design specif ication was 
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fully satisfied.  It can be considered from this re sult that a 

circuit pattern to be finally formed on the semicon ductor 

device can be formed at a high precision, even if t he phase 

shift mask 200 of Example 1 was set on a mask stage  of an 

exposure apparatus and a resist film on the semicon ductor 

device was subjected to exposure transfer. 

[0113] 

<Example 2> 

[Manufacture of Mask Blank] 

A mask blank 100 of Example 2 was manufactured by t he 

same process as Example 1 except for the light shie lding film 

3.  The light shielding film 3 of Example 2 has fil m forming 

conditions that are different from the light shield ing film 3 

of Example 1.  Namely, a transparent substrate 1 ha ving a 

phase shift film 2 formed thereon is placed in a si ngle-wafer 

DC sputtering apparatus, and reactive sputtering (D C 

sputtering) was carried out using a chromium (Cr) t arget under 

mixed gas atmosphere of argon (Ar), carbon dioxide (CO2), and 

helium (He).  Thus, a light shielding film (CrOC fi lm) 3 made 

of chromium, oxygen, and carbon was formed at a fil m thickness 

of 43nm in contact with the phase shift film 2. 

[0114] 

Next, the transparent substrate 1 having the light 

shielding film (CrOC film) 3 formed thereon was sub jected to 

heat treatment with the same conditions as Example 1.  After 

the heat treatment, a spectrophotometer (Cary4000 m anufactured 

by Agilent Technologies) was used on the transparen t substrate 

1 having the phase shift film 2 and the light shiel ding film 3 

laminated thereon to measure optical density of the  laminated 

structure of the phase shift film 2 and the light s hielding 

film 3 to ArF excimer laser light wavelength (about  193nm), 

confirming the value of 3.0 or more. 
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[0115] 

 Another transparent substrate 1 was prepared, whic h has 

only the light shielding film 3 formed on its main surface 

under the same conditions as above, and which was s ubjected to 

heat treatment.  The light shielding film 3 was ana lyzed by an 

X-ray photoelectron spectroscopy (with XPS, RBS cor rections).  

As a result, it was confirmed that the region near the surface 

that is opposite the transparent substrate 1 side o f the light 

shielding film 3 (region up to about 2nm depth from  the 

surface) has a composition gradient portion having more oxygen 

content than other regions (40atom% or more oxygen content).  

Further, content of each constituent element in the  region of 

the light shielding film 3 excluding the compositio n gradient 

portion was found to be, at an average value, Cr: 5 5atom%, O: 

30atom%, and C: 15atom%.  Moreover, it was confirme d that 

difference of each constituent element in thickness  direction 

of the region of the light shielding film 3 excludi ng the 

composition gradient portion is 3atom% or less, and  there is 

substantially no composition gradient in thickness direction. 

[0116] 

 Further, similar to the case of Example 1, result of 

depth direction chemical bonding condition analysis  of Cr2p 

narrow spectrum (see Fig. 8), result of depth direc tion 

chemical bonding condition analysis of O1s narrow s pectrum 

(see Fig. 9), result of depth direction chemical bo nding 

condition analysis of N1s narrow spectrum (see Fig.  10), 

result of depth direction chemical bonding conditio n analysis 

of C1s narrow spectrum (see Fig. 11), and result of  depth 

direction chemical bonding condition analysis of Si 2p narrow 

spectrum (see Fig. 12) were each obtained for the l ight 

shielding film 3 of Example 2. 

[0117] 

In each depth direction chemical bonding condition 
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analysis in Fig. 8 to Fig. 12, "0.00min plot" shows  analysis 

result of a uppermost surface of the light shieldin g film 3 

before Ar gas sputtering (sputtering time: 0min), " 0.40min 

plot" shows analysis result at a position in film t hickness 

direction of the light shielding film 3 after a upp ermost 

surface of the light shielding film 3 was dug only for 0.40min 

by Ar gas sputtering, "0.80min plot" shows analysis  result at 

a position in film thickness direction of the light  shielding 

film 3 after a uppermost surface of the light shiel ding film 3 

was dug for only 0.80min by Ar gas sputtering, "1.6 0min plot" 

shows analysis result at a position in film thickne ss 

direction of the light shielding film 3 after a upp ermost 

surface of the light shielding film 3 was dug only for 1.60min 

by Ar gas sputtering, "2.80min plot" shows analysis  result at 

a position in film thickness direction of the light  shielding 

film 3 after a uppermost surface of the light shiel ding film 3 

was dug only for 2.80min by Ar gas sputtering, and "3.20min 

plot" shows analysis result at a position in film t hickness 

direction of the light shielding film 3 after a upp ermost 

surface of the light shielding film 3 was dug only for 3.20min 

by Ar gas sputtering. 

[0118] 

Incidentally, the position in film thickness direct ion 

of the light shielding film 3 after a uppermost sur face of the 

light shielding film 3 was dug only for 0.40min by Ar gas 

sputtering is a position deeper than the compositio n gradient 

portion.  Namely, all of the plots of the position of depth of 

"0.40min plot" and thereafter are measurement resul ts of the 

portion of the light shielding film 3 excluding the  

composition gradient portion. 

[0119] 

The result of Cr2p narrow spectrum of Fig. 8 proves  that 

the light shielding film 3 of Example 2 has a maxim um peak at 
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574eV binding energy, except for the uppermost surf ace 

(0.00min plot).  This result indicates the existenc e of 

chromium atoms that are not bonded to atoms such as  nitrogen 

and oxygen at or more than a certain ratio. 

[0120] 

The result of O1s narrow spectrum of Fig. 9 proves that 

the light shielding film 3 of Example 2 has a maxim um peak at 

about 530eV binding energy, except for the uppermos t surface 

(0.00min plot).  This result indicates the existenc e of Cr-O 

bond at or more than a certain ratio.  

[0121] 

The result of N1s narrow spectrum of Fig. 10 proves  that 

the light shielding film 3 of Example 2 has a maxim um peak of 

lower detection limit or less in all depth regions.   The 

result indicates that abundance ratio of atoms bond ed to 

nitrogen, including Cr-N bond, was not detected in the light 

shielding film 3. 

[0122] 

The result of C1s narrow spectrum of Fig. 11 proves  that 

the light shielding film 3 of Example 2 has a maxim um peak at 

282~283eV binding energy, except for the uppermost surface 

(0.00min plot).  This result indicates the existenc e of Cr-C 

bond at or more than a certain ratio.  

[0123] 

The result of Si2p narrow spectrum of Fig. 12 prove s 

that the light shielding film 3 of Example 2 has a maximum 

peak of lower detection limit or less in all depth regions.  

The result indicates that abundance ratio of atoms bonded to 

silicon, including Cr-Si bond, was not detected in the light 

shielding film 3. 

[0124] 

[Manufacture of Phase Shift Mask] 
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Next, a phase shift mask 200 of Example 2 was 

manufactured using the mask blank 100 of Example 2 through the 

procedure similar to Example 1.  Similar to the cas e of 

Example 1, length measurement of space width was ca rried out 

on the region where the line-and-space pattern is f ormed after 

the hard mask pattern 4a was formed (see Fig. 2(b))  and after 

the phase shift pattern 2a was formed (see Fig. 2(d )), 

respectively, using a length measurement SEM (CD-SE M: Critical 

Dimension-Scanning Electron Microscope).  Thereafte r, etching 

bias, which is the change amount between the space width of 

the hard mask pattern 4a and the space width of the  phase 

shift pattern 2a, was calculated for each of the pl urality of 

locations in the region where the same line-and-spa ce pattern 

is formed, and further, average value of etching bi as was 

calculated.  As a result, the average value of etch ing bias 

was about 8nm, which was sufficiently less than con ventional.  

This shows that in the mask blank 100 of Example 2,  even if 

the light shielding film 3 is patterned through hig h-bias 

etching using the hard mask pattern 4a having a fin e transfer 

pattern that should be formed on the phase shift fi lm 2 as an 

etching mask, the fine transfer pattern can be form ed on the 

light shielding film 3 at high precision. 

[0125] 

[Evaluation of Pattern Transfer Performance] 

On the phase shift mask 200 of Example 2, a simulat ion 

of a transfer image was made when an exposure trans fer was 

made on a resist film on a semiconductor device usi ng AIMS193 

(manufactured by Carl Zeiss) at an exposure light o f 

wavelength 193nm.  The exposure transfer image of t his 

simulation was verified, and the design specificati on was 

sufficiently satisfied.  It can be considered from this result 

that a circuit pattern to be finally formed on the 

semiconductor device can be formed at a high precis ion, even 

if the phase shift mask 200 of Example 2 was set on  a mask 
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stage of an exposure apparatus and a resist film on  the 

semiconductor device was subjected to exposure tran sfer. 

[0126] 

<Example 3> 

[Manufacture of Mask Blank] 

A mask blank 100 of Example 3 was manufactured by t he 

same process as Example 1, except for the light shi elding film 

3.  A light shielding film 3 of Example 3 is simila r to the 

light shielding film 3 of Example 1, except for the  film 

thickness which was changed to 18nm.  Thus, the res ult of 

analysis on the light shielding film 3 of Example 3  by an X-

ray photoelectron spectroscopy (with XPS, RBS corre ctions) is 

similar to the light shielding film 3 of Example 1.   Further, 

the result of depth direction chemical bonding cond ition 

analysis of each narrow spectrum Cr2p, O1s, N1s, C1 s, and Si2p 

is similar to the light shielding film 3 of Example  1. 

[0127] 

After the heat treatment similar to Example 1, a 

spectrophotometer (manufactured by Agilent Technolo gies 

Cary4000) was used on the transparent substrate 1 h aving the 

phase shift film 2 and the light shielding film 3 o f Example 3 

laminated thereon to measure optical density of the  laminated 

structure of the phase shift film 2 and the light s hielding 

film 3 under ArF excimer laser light wavelength (ab out 193nm), 

and the optical density was 2.1. 

[0128] 

[Manufacture of Phase Shift Mask] 

Next, using the mask blank 100 of Example 3, a phas e 

shift mask 200 of Example 3 was manufactured with t he same 

process as Example 1.  However, in the manufacture of the 

phase shift mask 200 of Example 3, over etching tim e was set 

to be 100% the just etching time in forming a first  pattern on 
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the light shielding film 3 through high-bias etchin g using the 

hard mask pattern 4a as an etching mask.  Since fil m thickness 

of the light shielding film 3 of Example 3 became a bout 1/2 

thickness compared to the light shielding film 3 of  Example 1, 

just etching time in Example 3 is significantly red uced down 

to about 1/2 the just etching time in Example 1.  O n the 

contrary, if the over etching time in Example 3 is reduced 

down to about 1/2 of just etching time as in Exampl e 1 (i.e., 

about 1/4 of just etching time in Example 1), verti cality of 

the shape of the pattern side wall of the light shi elding film 

3 cannot be enhanced. 

[0129] 

Similar to the case of Example 1, length measuremen t of 

space width was carried out in the region where the  line-and-

space pattern is formed after the hard mask pattern  4a was 

formed (see Fig. 2(b)) and after the phase shift pa ttern 2a 

was formed (see Fig. 2(d)), respectively, using a l ength 

measurement SEM (CD-SEM: Critical Dimension-Scannin g Electron 

Microscope). Thereafter, etching bias, which is the  change 

amount between the space width of the hard mask pat tern 4a and 

the space width of the phase shift pattern 2a, was calculated 

for each of the plurality of locations in the regio n where the 

same line-and-space pattern is formed, and further,  average 

value of etching bias was calculated.  As a result,  average 

value of etching bias was about 3nm, which was sign ificantly 

less than conventional.  This shows that in the mas k blank 100 

of Example 3, even if the light shielding film 3 is  patterned 

through high-bias etching using the hard mask patte rn 4a 

having a fine transfer pattern that should be forme d on the 

phase shift film 2 as an etching mask, the fine tra nsfer 

pattern can be formed on the light shielding film 3  at high 

precision. 

[0130] 
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[Evaluation of Pattern Transfer Performance] 

On the phase shift mask 200 of Example 3, a simulat ion 

of a transfer image was made when an exposure trans fer was 

made on a resist film on a semiconductor device usi ng AIMS193 

(manufactured by Carl Zeiss) at an exposure light o f 

wavelength 193nm, similar to Example 1.  The exposu re transfer 

image of this simulation was verified, and the desi gn 

specification was sufficiently satisfied. It can be  considered 

from this result that a circuit pattern to be final ly formed 

on the semiconductor device can be formed at high p recision, 

even if the phase shift mask 200 of Example 3 was s et on a 

mask stage of an exposure apparatus and a resist fi lm on the 

semiconductor device was subjected to exposure tran sfer. 

[0131] 

<Example 4> 

[Manufacture of Mask Blank] 

A mask blank 100 of Example 4 was manufactured thro ugh 

the procedure similar to Example 2, except for the light 

shielding film 3.  A light shielding film 3 of Exam ple 4 is 

similar to the light shielding film 3 of Example 2,  except for 

the film thickness which was changed to 23nm.  Thus , the 

result of analysis of X-ray photoelectron spectrosc opy (with 

XPS, RBS corrections) on the light shielding film 3  of Example 

4 is similar to the light shielding film 3 of Examp le 2.  

Further, the result of depth direction chemical bon ding 

condition analysis of each narrow spectrum of Cr2p,  O1s, N1s, 

C1s, and Si2p is similar to the light shielding fil m 3 of 

Example 2. 

[0132] 

After the heat treatment similar to Example 1, a 

spectrophotometer (Cary4000 manufactured by Agilent  

Technologies) was used on the transparent substrate  1 having 

the phase shift film 2 and the light shielding film  3 of 
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Example 4 laminated thereon to measure optical dens ity of the 

laminated structure of the phase shift film 2 and t he light 

shielding film 3 under ArF excimer laser light wave length 

(about 193nm), and the optical density was 2.1. 

[0133] 

[Manufacture of Phase Shift Mask] 

 Next, a phase shift mask 200 of Example 4 was 

manufactured using the mask blank 100 of Example 4 through a 

procedure similar to Example 2.  However, in the ma nufacture 

of the phase shift mask 200 of Example 4, over etch ing time 

was set to be 100% of just etching time in forming a first 

pattern on the light shielding film 3 through high- bias 

etching using the hard mask pattern 4a as an etchin g mask.  

Since film thickness of the light shielding film 3 of Example 

4 became about 1/2 thickness compared to the light shielding 

film 3 of Example 2, just etching time in Example 4  is 

significantly reduced down to about 1/2 the just et ching time 

in Example 2.  On the contrary, if the over etching  time is 

reduced down to about 1/2, verticality of the shape  of pattern 

side wall of the light shielding film 3 cannot be e nhanced. 

[0134] 

Similar to the case of Example 1, length measuremen t of 

space width was carried out in the region where the  line-and-

space pattern is formed after the hard mask pattern  4a was 

formed (see Fig. 2(b)) and after the phase shift pa ttern 2a 

was formed (see Fig. 2(d)), respectively, using a l ength 

measurement SEM (CD-SEM: Critical Dimension-Scannin g Electron 

Microscope).  Thereafter, etching bias, which is th e change 

amount between the space width of the hard mask pat tern 4a and 

the space width of the phase shift pattern 2a, was calculated 

for each of the plurality of locations in the regio n where the 

same line-and-space pattern is formed, and further,  average 

value of etching bias was calculated.  As a result,  the 



Client ref. 15P27062SG 
Our ref. P068-SG 
 

57 

 

average value of etching bias was about 7nm, which was 

sufficiently less than conventional.  This shows th at in the 

mask blank 100 of Example 4, even if the light shie lding film 

3 is patterned through high-bias etching using the hard mask 

pattern 4a having a fine transfer pattern that shou ld be 

formed on the phase shift film 2 as an etching mask , the fine 

transfer pattern can be formed on the light shieldi ng film 3 

at high precision. 

[0135] 

[Evaluation of Pattern Transfer Performance] 

On the phase shift mask 200 of Example 4, a simulat ion 

of a transfer image was made when an exposure trans fer was 

made on a resist film on a semiconductor device usi ng AIMS193 

(manufactured by Carl Zeiss) at an exposure light o f 

wavelength 193nm, similar to Example 1.  The exposu re transfer 

image of this simulation was verified, and the desi gn 

specification was sufficiently satisfied. It can be  considered 

from this result that a circuit pattern to be final ly formed 

on the semiconductor device can be formed at high p recision, 

even if the phase shift mask 200 of Example 4 was s et on a 

mask stage of an exposure apparatus and a resist fi lm on the 

semiconductor device was subjected to exposure tran sfer. 

[0136] 

<Comparative Example 1> 

[Manufacture of Mask Blank] 

A mask blank of Comparative Example 1 was manufactu red 

by the same process as Example 1, except for the li ght 

shielding film 3.  A light shielding film of Compar ative 

Example 1 has film forming conditions that are diff erent than 

the light shielding film 3 of Example 1.  Concretel y, a 

transparent substrate 1 having a phase shift film 2  formed 

thereon is placed in a single-wafer DC sputtering a pparatus, 
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and reactive sputtering (DC sputtering) was carried  out using 

chromium (Cr) target under mixed gas atmosphere of argon (Ar), 

carbon dioxide (CO 2), nitrogen (N 2), and helium (He).  Thus, a 

light shielding film (CrOCN film) made of chromium,  oxygen, 

carbon, and nitrogen was formed at a film thickness  of 43nm in 

contact with the phase shift film 2. 

[0137] 

Next, the transparent substrate having the light 

shielding film (CrOCN film) formed thereon was subj ected to 

heat treatment under the same conditions as Example  1.  After 

the heat treatment, a spectrophotometer (Cary4000 m anufactured 

by Agilent Technologies) was used on the transparen t substrate 

having the phase shift film and the light shielding  film 

laminated thereon to measure optical density of the  laminated 

structure of the phase shift film and the light shi elding film 

under ArF excimer laser light wavelength (about 193 nm), 

confirming the optical density of 3.0 or more. 

[0138] 

 Another transparent substrate was prepared, which has 

only a light shielding film formed on its main surf ace under 

the same conditions as above, and which was subject ed to heat 

treatment.  The light shielding film was analyzed b y an X-ray 

photoelectron spectroscopy (with XPS, RBS correctio ns).  As a 

result, it was confirmed that the region near the s urface that 

is opposite of the transparent substrate side of th e light 

shielding film (region up to about 2nm depth from t he surface) 

has a composition gradient portion having more oxyg en content 

than other regions (40atom% or more oxygen content) .  Further, 

content of each constituent element in the region o f the light 

shielding film excluding the composition gradient p ortion was 

found to be, at an average value, Cr: 55atom%, O: 2 2atom%, C: 

12atom%, and N: 11atom%.  Moreover, it was confirme d that the 

difference of each constituent element in thickness  direction 
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of the region of the light shielding film excluding  the 

composition gradient portion is 3atom% or less, and  there is 

substantially no composition gradient in thickness direction. 

[0139] 

 Another transparent substrate was prepared, which has 

only a light shielding film formed on its main surf ace under 

the same conditions as above, which was subjected t o heat 

treatment, and further, a hard mask film was formed  in contact 

with a surface of the light shielding film after th e heat 

treatment.  On the hard mask film and the light shi elding film 

of Comparative Example 1, result of depth direction  chemical 

bonding condition analysis of Cr2p narrow spectrum (see Fig. 

13), result of depth direction chemical bonding con dition 

analysis of O1s narrow spectrum (see Fig. 14), resu lt of depth 

direction chemical bonding condition analysis of N1 s narrow 

spectrum (see Fig. 15), result of depth direction c hemical 

bonding condition analysis of C1s narrow spectrum ( see Fig. 

16), and result of depth direction chemical bonding  condition 

analysis of Si2p narrow spectrum (see Fig. 17) were  each 

obtained under the measurement conditions similar t o the case 

of Example 1. 

[0140] 

In each depth direction chemical bonding condition 

analysis in Fig. 13 to Fig. 17, "0.00min plot" show s analysis 

result of a hard mask film before Ar gas sputtering   

(sputtering time: 0min), "0.40min plot" shows analy sis result 

at a position dug from a uppermost surface of a har d mask film 

only for 0.40min by Ar gas sputtering, "1.60min plo t" shows 

analysis result at a position dug from a uppermost surface of 

a hard mask film only for 1.60min by Ar gas sputter ing, 

"3.00min plot" shows analysis result at a position dug from a 

uppermost surface of a hard mask film only for 3.00 min by Ar 

gas sputtering, "5.00min plot" shows analysis resul t at a 
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position dug from a uppermost surface of a hard mas k film only 

for 5.00min by Ar gas sputtering, and "8.40min plot " shows 

analysis result at a position dug from uppermost su rface of a 

hard mask film for only 8.40min by Ar gas sputterin g. 

[0141] 

  Incidentally, the position dug from a uppermost s urface 

of a hard mask film only for 1.60min by Ar gas sput tering is 

the interior of the light shielding film, and is a position 

deeper than the composition gradient portion.  Name ly, all of 

the plots of the positions of "1.60min plot" and th ereafter 

are measurement results of portion of the light shi elding film 

excluding the composition gradient portion of Compa rative 

Example 1. 

[0142] 

The result of Cr2p narrow spectrum of Fig. 13 prove s 

that the light shielding film of Comparative Exampl e 1 has a 

maximum peak at binding energy greater than 574eV i n the 

region of depth of "1.60min plot" and thereafter.  This result 

can be considered as under so-called chemical shift , 

indicating that abundance ratio of chromium atoms t hat are not 

bonded to atoms such as nitrogen and oxygen is sign ificantly 

low. 

[0143] 

The result of O1s narrow spectrum in Fig. 14 proves  that 

the light shielding film of Comparative Example 1 h as a 

maximum peak at about 530eV binding energy in the r egion of 

depth of "1.60min plot" and thereafter.  This resul t indicates 

the existence of Cr-O bond at a certain ratio or mo re. 

[0144] 

The result of N1s narrow spectrum in Fig. 15 proves  that 

the light shielding film of Comparative Example 1 h as a 

maximum peak at about 397eV binding energy in the r egion of 
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depth of "1.60min plot" and thereafter.  This resul t indicates 

the existence of Cr-N bond at a certain ratio or mo re.  

[0145] 

The result of C1s narrow spectrum in Fig. 16 proves  that 

the light shielding film of Comparative Example 1 h as a 

maximum peak at 283eV binding energy in the region of depth of 

"1.60min plot" and thereafter.  This result indicat es the 

existence of Cr-C bond at a certain ratio or more. 

[0146] 

The result of Si2p narrow spectrum in Fig. 17 prove s 

that the light shielding film of Comparative Exampl e 1 has a 

maximum peak that is at or below lower detection li mit in the 

region of depth of "1.60min plot" and thereafter.  The result 

indicates that abundance ratio of atoms bonded to s ilicon, 

including Cr-Si bond, was not detected in the light  shielding 

film of Comparative Example 1. 

[0147] 

[Manufacture of Phase Shift Mask] 

 Next, a phase shift mask of Comparative Example 1 was 

manufactured using the mask blank of Comparative Ex ample 1 

through the procedure similar to Example 1.  Simila r to the 

case of Example 1, length measurement of space widt h was 

carried out in the region where the line-and-space pattern is 

formed after the hard mask pattern was formed (see Fig. 2(b)) 

and after the phase shift pattern was formed (see F ig. 2(d)), 

respectively, using a length measurement SEM (CD-SE M: Critical 

Dimension-Scanning Electron Microscope).  Thereafte r, etching 

bias, which is the change amount between the space width of 

the hard mask pattern and the space width of the ph ase shift 

pattern was calculated for each of the plurality of  locations 

in the region where the same line-and-space pattern  is formed, 

and further, average value of etching bias was calc ulated.  As 

a result, average value of etching bias was 15nm, w hich was a 
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rather great value.  This indicates that in the cas e where a 

light shielding film was patterned through high-bia s etching 

using a hard mask pattern having a fine transfer pa ttern that 

should be formed on a phase shift film as an etchin g mask in 

the mask blank of Comparative Example 1, it is diff icult to 

form the fine transfer pattern precisely on the lig ht 

shielding film. 

[0148] 

[Evaluation of Pattern Transfer Performance] 

On the phase shift mask of Comparative Example 1, a  

simulation of a transfer image was made when an exp osure 

transfer was made on a resist film on a semiconduct or device 

using AIMS193 (manufactured by Carl Zeiss) at an ex posure 

light of wavelength 193nm, similar to Example 1.  T he exposure 

transfer image of this simulation was verified, and  a transfer 

defect was confirmed.  Generation factor of the tra nsfer 

defect is inferred as poor verticality of the shape  caused by 

large side etching amount in the pattern side wall of the 

light shielding pattern, and moreover, low in-plane  CD 

uniformity.  From this result, it can be considered  that when 

the phase shift mask of Comparative Example 1 was s et on a 

mask stage of an exposure apparatus and exposure-tr ansferred 

to a resist film on a semiconductor device, a defec ted area 

will generate on a circuit pattern to be finally fo rmed on the 

semiconductor device. 

[0149] 

<Comparative Example 2> 

[Manufacture of Mask Blank] 

A mask blank of Comparative Example 2 was manufactu red 

by the same process as Example 1, except for the li ght 

shielding film 3.  A light shielding film of Compar ative 

Example 2 has different film forming condition than  the light 

shielding film 3 of Example 1.  Concretely, a trans parent 
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substrate 1 having a phase shift film 2 formed ther eon was 

placed in a single-wafer DC sputtering apparatus, a nd reactive 

sputtering (DC sputtering) was carried out using a chromium 

(Cr) target under mixed gas atmosphere of argon (Ar ), nitrogen 

monoxide (NO), and helium (He).  Thus, a light shie lding film 

(CrON film) made of chromium, oxygen, and nitrogen was formed 

at a film thickness of 43nm in contact with the pha se shift 

film 2.  

[0150] 

Next, the transparent substrate having the light 

shielding film (CrON film) formed thereon was subje cted to 

heat treatment with the same conditions as Example 1.  After 

the heat treatment, a spectrophotometer (Cary4000 m anufactured 

by Agilent Technologies) was used on the transparen t substrate 

having the phase shift film and the light shielding  film 

laminated thereon to measure optical density of the  laminated 

structure of the phase shift film and the light shi elding film 

under ArF excimer laser light wavelength (about 193 nm), and 

the optical density was 3.0 or more. 

[0151] 

 Another transparent substrate was prepared, which has 

only a light shielding film formed on its main surf ace under 

the same conditions as above, and which was subject ed to heat 

treatment.  The light shielding film was analyzed b y an X-ray 

photoelectron spectroscopy (with XPS, RBS correctio ns).  As a 

result, it was confirmed that the region near the s urface that 

is opposite of the transparent substrate side of th e light 

shielding film (region up to about 2nm depth from t he surface) 

has a composition gradient portion having more oxyg en content 

than other regions (40atom% or more oxygen content) .  Further, 

content of each constituent element in the region o f the light 

shielding film excluding the composition gradient p ortion was 

found to be, at an average value, Cr: 58atom%, O: 1 7atom%, and 
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N: 25atom%.  Moreover, it was confirmed that the di fference of 

each constituent element in thickness direction of the region 

of the light shielding film excluding the compositi on gradient 

portion is 3atom% or less, and there is substantial ly no 

composition gradient in thickness direction. 

[0152] 

Similar to the case of Example 1, result of depth 

direction chemical bonding condition analysis of Cr 2p narrow 

spectrum, result of depth direction chemical bondin g condition 

analysis of O1s narrow spectrum, result of depth di rection 

chemical bonding condition analysis of N1s narrow s pectrum, 

result of depth direction chemical bonding conditio n analysis 

of C1s narrow spectrum, and result of depth directi on chemical 

bonding condition analysis of Si2p narrow spectrum were each 

obtained also for the light shielding film of Compa rative 

Example 2. 

[0153] 

The result of Cr2p narrow spectrum proves that the light 

shielding film of Comparative Example 2 has a maxim um peak at 

binding energy greater than 574eV at all depth regi ons 

including the uppermost surface.  This result can b e regarded 

as a so-called chemical shift, indicating that abun dance ratio 

of chromium atoms that are not bonded to atoms such  as 

nitrogen and oxygen is significantly low.  From the  result of 

O1s narrow spectrum, it was found that the light sh ielding 

film of Comparative Example 2 has a maximum peak at  binding 

energy of about 530eV at all depth regions includin g the 

uppermost surface.  The result indicates that Cr-O bond is 

present at or more than a certain ratio. 

[0154] 

The result of N1s narrow spectrum proves, excluding  the 

uppermost surface, as having a maximum peak at bind ing energy 

of about 397eV.  This result indicates that Cr-N bo nd is 
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present at or more than a certain ratio.   

The result of C1s narrow spectrum proves that the l ight 

shielding film of Comparative Example 2 has a maxim um peak of 

lower detection limit or less, excluding the upperm ost 

surface.  Moreover, since the uppermost surface is 

significantly subjected to effects of contamination  such as 

organic matters, the measured result on carbon is h ardly used 

as a reference for the uppermost surface.  The resu lt 

indicates that abundance ratio of atoms bonded to c arbon, 

including Cr-C bond, was not detected in the light shielding 

film of Comparative Example 2. 

[0155] 

The result of Si2p narrow spectrum proves that the light 

shielding film of Comparative Example 2 has a maxim um peak of 

lower detection limit or less at all depth regions.   The 

result indicates that abundance ratio of atoms bond ed to 

silicon, including Cr-Si bond, was not detected in the light 

shielding film of Comparative Example 2. 

[0156] 

[Manufacture of Phase Shift Mask] 

Next, a phase shift mask of Comparative Example 2 w as 

manufactured using the mask blank of Comparative Ex ample 2 

through the procedure similar to Example 1.  Simila r to the 

case of Example 2, length measurement of space widt h was 

carried out in the region where the line-and-space pattern is 

formed after the hard mask pattern was formed (see Fig. 2(b)) 

and after the phase shift pattern was formed (see F ig. 2(d)), 

respectively, using a length measurement SEM (CD-SE M: Critical 

Dimension-Scanning Electron Microscope).  Thereafte r, etching 

bias, which is the change amount between the space width of 

the hard mask pattern and the space width of the ph ase shift 

pattern, was calculated for each of the plurality o f locations 

in the region where the same line-and-space pattern  is formed, 
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and further, average value of etching bias was calc ulated.  As 

a result, average value of etching bias was 25nm, w hich was a 

significantly great value.  This indicates that in the case 

where a light shielding film was patterned through high-bias 

etching using a hard mask pattern having a fine tra nsfer 

pattern that should be formed on a phase shift film  as an 

etching mask in the mask blank of Comparative Examp le 2, it is 

difficult to form the fine transfer pattern precise ly on the 

light shielding film. 

[0157] 

[Evaluation of Pattern Transfer Performance] 

 On the phase shift mask of Comparative Example 2, a 

simulation of a transfer image was made when an exp osure 

transfer was made on a resist film on a semiconduct or device 

using AIMS193 (manufactured by Carl Zeiss) at an ex posure 

light of wavelength 193nm, similar to Example 1.  T he exposure 

transfer image of this simulation was verified, and  a transfer 

defect was confirmed.  Generation factor of the tra nsfer 

defect is inferred as poor verticality of the shape  caused by 

large side etching amount in the pattern side wall of the 

light shielding pattern, and moreover, low in-plane  CD 

uniformity.  From this result, it can be considered  that when 

the phase shift mask of Comparative Example 2 was s et on a 

mask stage of an exposure apparatus and exposure-tr ansferred 

to a resist film on a semiconductor device, a defec ted area 

will be generated on a circuit pattern to be finall y formed on 

the semiconductor device. 

[REFERENCE NUMERALS] 

[0158] 

1 transparent substrate 

2 phase shift film  

2a phase shift pattern  

3 light shielding film 
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3a,3b light shielding pattern  

4 hard mask film  

4a hard mask pattern  

5a resist pattern  

6b resist pattern  

100 mask blank  

200 phase shift mask 

  



[CLAIMS] 
[Claim 1] A mask blank having a structure in which a phase shift film, and a light 
shielding film are laminated in this order on a transparent substrate, 
 wherein the light shielding film is a single layer film having a composition 
gradient portion with increased oxygen content on a surface at an opposite side of the 
phase shift film and a region close thereto, 
 wherein the light shielding film is made of a material containing chromium, 
oxygen, and carbon,  
 wherein the light shielding film has a maximum peak of N1s narrow spectrum, 
obtained by analysis of X-ray photoelectron spectroscopy, of lower detection limit or less,  
 wherein the part of the light shielding film excluding the composition gradient 
portion has a maximum peak of Cr2p narrow spectrum, obtained by analysis of X-ray 
photoelectron spectroscopy, at binding energy of 574eV or less, and 
 wherein the composition gradient portion of the light shielding film has a 
maximum peak of Cr2p narrow spectrum, obtained by analysis of X-ray photoelectron 
spectroscopy, at binding energy of 576eV or more. 
 
[Claim 2] The mask blank according to claim 1, wherein the light shielding film 
has a maximum peak of Si2p narrow spectrum, obtained by analysis of X-ray 
photoelectron spectroscopy, of lower detection limit or less. 
 
[Claim 3] The mask blank according to claim 1 or 2, wherein the part of the light 
shielding film excluding the composition gradient portion has chromium content of 
50atom% or more. 
 
[Claim 4] 
 The mask blank according to any one of claims 1 to 3, wherein the part of the 
light shielding film excluding the composition gradient portion has chromium content of 
80atom% or less. 
 
[Claim 5] The mask blank according to any one of claims 1 to 4, wherein the light 
shielding film is made of a material with total content of chromium, oxygen, and carbon 
is 95atom% or more.  
 
[Claim 6] The mask blank according to any one of claims 1 to 5, wherein a ratio 
of carbon content [atom%] divided by total content [atom%] of chromium, carbon, and 

68



oxygen of the part of the light shielding film excluding the composition gradient portion is 
0.1 or more. 
 
[Claim 7] The mask blank according to any one of claims 1 to 6, wherein a ratio 
of carbon content [atom%] divided by total content [atom%] of chromium, and carbon of 
the part of the light shielding film excluding the composition gradient portion is 0.14 or 
more. 
 
[Claim 8]  The mask blank according to any one of claims 1 to 7, wherein the part 
of the light shielding film excluding the composition gradient portion has carbon content 
of 10atom% or more and 20atom% or less. 
 
[Claim 9]  The mask blank according to any one of claims 1 to 8, wherein the part 
of the light shielding film excluding the composition gradient portion has oxygen content 
of 10atom% or more and 35atom% or less. 
 
[Claim 10] The mask blank according to any one of claims 1 to 9, wherein the part 
of the light shielding film excluding the composition gradient portion has difference in 
content of each constituent element in thickness direction that is less than 10atom%. 
 
[Claim 11]  The mask blank according to any one of claims 1 to 10, wherein the 
light shielding film has a thickness of 60nm or less. 
 
[Claim 12] The mask blank according to any one of claims 1 to 11, wherein the 
light shielding film has an optical density of a laminated structure of the phase shift film 
to ArF excimer laser exposure light of greater than 2.0. 
 
[Claim 13] The mask blank according to any one of claims 1 to 12, wherein the 
phase shift film is made of a material containing silicon.  
 
[Claim 14] A method of manufacturing a phase shift mask using the mask blank 
according to any one of claims 1 to 13, comprising the steps of: 
 forming a phase shift pattern on a light shielding film through dry etching using 
a mixed gas of chlorine-based gas and oxygen gas; 
 forming a phase shift pattern on the phase shift film through dry etching using 
fluorine-based gas with the light shielding film having the phase shift pattern formed 
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thereon as a mask; and  
 forming a light shielding pattern on the light shielding film through dry etching 
using a mixed gas of chlorine-based gas and oxygen gas with a resist film having the 
light shielding pattern formed on the light shielding film as a mask. 
 
[Claim 15] A method of manufacturing a phase shift mask according to claim 14, 
wherein the step of forming a phase shift pattern on the light shielding film comprises dry 
etching of the light shielding film under a condition that a ratio obtained by dividing a flow 
rate of the chlorine-based gas in the mixed gas by a flow rate of the oxygen gas is 10 or 
more and a power upon application of a bias voltage is 15 [W] or more.  
 
[Claim 16] A method of manufacturing a semiconductor device comprising the 
step of exposure-transferring a transfer pattern on a resist film on a semiconductor 
substrate by using the phase shift mask manufactured by the method of manufacturing 
the phase shift mask of claim 14 or 15. 
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