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present invention, a method of manufacturing a substrate with multilayer reflective film 

and reflective mask blank used to manufacture a reflective mask having multilayer 

reflective film having high reflectance with respect to exposure light and little film 

stress, can be provided.  Moreover, according to the present invention, a method of 

manufacturing a semiconductor device using the aforementioned reflective mask can be 5 

provided.   

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a cross-sectional schematic diagram of one example of the substrate 

with multilayer reflective film of the present invention.   10 

 FIG. 2 is a cross-sectional schematic diagram of another example of the substrate 

with multilayer reflective film of the present invention. 

 FIG. 3 is a cross-sectional schematic diagram of one example of the reflective 

mask blank of the present invention. 

 FIG.4(a) to FIG.4(e) are cross sectional schematic diagrams showing the method 15 

of manufacturing the reflective mask of the present invention.  

 FIG. 5 is a schematic diagram of the internal structure of an ion beam sputtering 

apparatus.   

 FIG. 6 is a graph indicating the degree of flatness and EUV light reflectance 

versus annealing temperature of a substrate with multilayer reflective film manufactured 20 

using Kr or Ar.   

 FIG. 7 is a graph indicating the results of analyzing the multilayer reflective film 

of Example 1 by Rutherford backscattering analysis.   

 

MODE FOR CARRYING OUT THE INVENTION 25 

[0024] The following provides a detailed explanation of embodiments of the present 

invention with reference to the drawings.  Furthermore, the following embodiments are 

for providing a detailed explanation of the present invention, and do not limit the 

present invention to the scope thereof.   

[0025] As shown in FIG. 1, a substrate with multilayer reflective film 110 of the 30 

present invention is provided with a multilayer reflective film 5 on a substrate 1.  The 

multilayer reflective film 5 is a film for reflecting exposure light and is comprised of a 

multilayer film obtained by alternately laminating low refractive index layers and high 

refractive index layers.  The multilayer reflective film in the substrate with multilayer 

reflective film 110 of the present invention is characterized by containing krypton (Kr).   35 

[0026] When manufacturing the substrate with multilayer reflective film 110 of the 

present invention, the multilayer reflective film 5 is deposited on the substrate 1 by ion 
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CLAIMS 

1. A substrate with multilayer reflective film provided with a multilayer reflective

film for reflecting exposure light, the multilayer reflective film comprising a multilayer

film obtained by alternately laminating low refractive index layers and high refractive

index layers on a substrate,

wherein the multilayer reflective film contains krypton (Kr), 

wherein the low refractive index layers comprise a metal selected from 

molybdenum (Mo), ruthenium (Ru), rhodium (Rh) and platinum (Pt), or an alloy 

thereof, 

wherein the high refractive index layers comprise silicon (Si) and have an 

amorphous structure, and 

wherein the krypton (Kr) content of the multilayer reflective film is not less than 

1 at% and not more than 3 at%. 

2. The substrate with multilayer reflective film according to claim 1, wherein the

krypton (Kr) content of the multilayer reflective film is not less than 1 at% and not more

than 1.5 at%.

3. The substrate with multilayer reflective film according to claim 1 or 2, wherein

the ratio of Kr content to Si content is not more than 0.06.

4. The substrate with multilayer reflective film according to any of claims 1 to 3,

wherein

the low refractive index layers comprise molybdenum (Mo) and the high 

refractive index layers comprise silicon (Si), and 

the krypton (Kr) content of the low refractive index layers is relatively low in 

comparison with the high refractive index layers. 

5. The substrate with multilayer reflective film according to any of claims 1 to 4,

comprising a protective film on the multilayer reflective film.

6. A reflective mask blank comprising an absorber film on the multilayer reflective

film of the substrate with multilayer reflective film according to any of claims 1 to 4 or

on the protective film of the substrate with multilayer reflective film according to claim

5.
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7. A reflective mask comprising an absorber pattern, obtained by patterning the

absorber film of the reflective mask blank according to claim 6, on the multilayer

reflective film.

8. A method of manufacturing a substrate with multilayer reflective film provided

with a multilayer reflective film for reflecting exposure light, the multilayer reflective

film comprising a multilayer film obtained by alternately laminating low refractive

index layers and high refractive index layers on a substrate, and

the method comprising forming the multilayer reflective film containing krypton 

(Kr), 

wherein the low refractive index layers comprise a metal selected from 

molybdenum (Mo), ruthenium (Ru), rhodium (Rh) and platinum (Pt), or an alloy 

thereof, 

wherein the high refractive index layers comprise silicon (Si) and have an 

amorphous structure, and 

wherein the krypton (Kr) content of the multilayer reflective film is not less than 

1 at% and not more than 3 at%. 

9. The method of manufacturing the substrate with multilayer reflective film

according to claim 8, comprising forming a protective film on the multilayer reflective

film.

10. The method of manufacturing the substrate with multilayer reflective film

according to claim 8 or 9, comprising carrying out heat treatment at 210C to 300C on

the substrate with multilayer reflective film in the state in which the multilayer

reflective film has been formed, or in the state in which the protective film has been

formed on the multilayer reflective film.

11. The method of manufacturing the substrate with multilayer reflective film

according to any of claims 8 to 10, wherein

the low refractive index layers comprise molybdenum (Mo) and the high 

refractive index layers comprise silicon (Si), and 

the krypton (Kr) content of the low refractive index layers is relatively low in 

comparison with the high refractive index layers. 
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12. The method of manufacturing the substrate with multilayer reflective film

according to any of claims 8 to 11, wherein the multilayer reflective film is deposited by

ion beam sputtering.

13. A method of manufacturing a reflective mask blank comprising forming an

absorber film on the multilayer reflective film or on the protective film manufactured by

the method of manufacturing the substrate with multilayer reflective film according to

any of claims 8 to 12.

14. A method of manufacturing a reflective mask comprising forming an absorber

pattern, obtained by patterning the absorber film manufactured by the method of

manufacturing a reflective mask blank according to claim 13.

15. A method of manufacturing a semiconductor device comprising a step for

forming a transfer pattern on a transferred substrate by carrying out a lithography

process with an exposure device using the reflective mask according to claim 7.
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