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wider range for various types of tolerance relating to exposure such as exposure quantity 

tolerance or focus tolerance.  Although varying according to the pattern and exposure 

conditions, a general indicator of reflectivity for adequately obtaining this phase shift 

effect is not less than 1% in terms of absolute reflectivity and not less than 2% in terms of 

reflection ratio relative to the multilayer reflective film 2 (provided with the protective 

film 3).  As shown in FIG. 4, in the case of having formed the absorber film 4 with a Ni 

film, the phase difference at a film thickness of 39 nm is about 160.  In contrast, in the 

case of having formed the absorber film with a TaBN film, the phase difference at a film 

thickness of not more than 50 nm cannot be made to be from 160 to 200.   

[0042] The absorber film 4 can consist of a single layer.  In addition, the absorber film 

4 can be a multilayer film composed of a plurality of not less than two layers.  In the 

case the absorber film 4 is a single layer film, the absorber film 4 is characterized by 

improved production efficiency since the number of step during mask blank fabrication 

can be reduced.  In the case the absorber film 4 is a multilayer film, the optical constants 

and film thickness thereof are suitably set so that the upper layer film serves as an 

antireflective film during mask pattern inspections using light.  As a result, inspection 

sensitivity when inspecting the mask pattern using light is improved.  In this manner, 

various functions can be added to the absorber film 4 by using a multilayer absorber film 

4.  In the case the absorber film 4 has a phase shift function, the use of a multilayer 

absorber film 4 makes it possible to widen the range of optical adjustments thereby 

facilitating the obtaining of a desired reflectivity.   

[0043] An oxide layer of a nickel compound is preferably formed on the surface of the 

absorber film 4.  The formation of an oxide layer of a nickel compound makes it 

possible to improve cleaning resistance of an absorber pattern 4a of the resulting 

reflective mask 200.  The thickness of he oxide layer is preferably not less than 1.0 nm 

and more preferably not less than 1.5 nm.  In addition, the thickness of the oxide layer is 

preferably not more than 5 nm and more preferably not more than 3 nm.  In the case the 

thickness of the Ni oxide layer is less than 1.0 nm, effects cannot be expected to be 

demonstrated due to the layer being excessively thin, while if the thickness exceeds 5 nm, 

the effect on surface reflectivity with respect to mask inspection light becomes 

excessively large, thereby making control difficult for obtaining a prescribed surface 

reflectivity.   

[0044] Examples of methods used to form the oxide layer on a mask blank after having 

deposited the absorber film include hot water treatment, ozone water treatment, heat 

treatment in a gas containing oxygen, ultraviolet irradiation treatment in a gas containing 

oxygen, and O2 plasma treatment.   

[0045] <<Etching Mask Film>> 
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CLAIMS 

1. A reflective mask blank comprising a multilayer reflective film, an absorber

film and an etching mask film on a substrate in that order; wherein, 

the absorber film is made of a material containing nickel (Ni),  

the etching mask film is made of a material containing chromium (Cr), and 

a film thickness of the absorber film is not more than 50 nm.   

2. A reflective mask blank comprising a multilayer reflective film, an absorber

film and an etching mask film on a substrate in that order; wherein, 

the absorber film is made of a material containing nickel (Ni),  

the etching mask film is made of a material containing silicon (Si), and 

a film thickness of the absorber film is not more than 50 nm. 

3. The reflective mask blank according to claim 1, wherein the etching mask film

is made of a material substantially containing no oxygen (O). 

4. The reflective mask blank according to claim 3, wherein a film thickness of the

etching mask film is not less than 3 nm and not more than 15 nm. 

5. The reflective mask blank according to claim 2, wherein

a film thickness of the etching mask film is not less than 3 nm and not more

than 20 nm. 

6. The reflective mask blank according to any of claims 1 to 5, wherein

the absorber film comprises an oxide layer of a nickel compound, the oxide

layer being a surface layer of the absorber film, and 

a film thickness of surface layer is not less than 1 nm and not more than 5 nm. 

7. The reflective mask blank according to any of claims 1 to 6, wherein the

absorber film is made of a material of a nickel compound comprising a nickel and at 

least one selected from titanium (Ti), niobium (Nb), molybdenum (Mo), ruthenium (Ru), 

rhodium (Rh), tellurium (Te), palladium (Pd), tantalum (Ta) and tungsten (W). 

8. The reflective mask blank according to claim 6 or 7, wherein a content ratio of

Ni of the nickel compound is not less than 50 at% and less than 100 at%. 

9. The reflective mask blank according to any of claims 1 to 8, wherein the

absorber film has a phase shift function. 

10. The reflective mask blank according to any of claims 1 to 9, comprising a

protective film between the multilayer reflective film and the absorber film, and 

wherein, 

the protective film is made of a material containing ruthenium (Ru).   

11. A method of manufacturing a reflective mask, comprising:

forming a resist pattern on the etching mask film of the reflective mask blank
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according to any of claims 1, 3, 4 and claims 6 to 10, the etching mask film being made 

of a material containing chromium (Cr), 

forming an etching mask pattern by using the resist pattern as a mask and 

patterning the etching mask film by dry etching with a dry etching gas containing a 

chlorine-based gas and oxygen gas, and 

forming an absorber pattern by using the etching mask pattern as a mask and 

patterning the absorber film by dry etching with a dry etching gas that contains a 

chlorine-based gas and substantially contains no oxygen.   

12. A method of manufacturing a reflective mask, comprising:

forming a resist pattern on the etching mask film of the reflective mask blank

according to any of claim 2 and claims 5 to 10, the etching mask film being made of a 

material containing silicon (Si),  

forming an etching mask pattern by using the resist pattern as a mask and 

patterning the etching mask film by dry etching with a dry etching gas containing a 

fluorine-containing gas, and 

forming an absorber pattern by using the etching mask pattern as a mask and 

patterning the absorber film by dry etching with a dry etching gas that contains a 

chlorine-based gas and substantially contains no oxygen. 

13. The method of manufacturing a reflective mask according to claim 11 or 12,

wherein the etching mask pattern is stripped after having formed the absorber pattern. 

14. A method of manufacturing a semiconductor device having a step for placing

the reflective mask obtained according to the method of manufacturing a reflective 

mask according to any of claims 11 to 13 in an exposure apparatus having an exposure 

light source emitting EUV light, and transferring a transfer pattern to a resist film 

formed on a transferred substrate.   


