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Abstract To meet the wide angular bandpass requirement of a small-size mirror in extreme ultra violet (EUV)
lithography illumination system, the designed broadband molybdenum (Mo) /silicon (Si) multilayer stack is deposited
by using the relationship between effective thickness of Si layers and velocity and the relationship between periodic
thickness of multilayers and velocity. Mo/Si periodic multilayers with different periodic thicknesses and I" (ratio
of Mo layer thickness and periodic thickness of multilayer films) are deposited by magnetron sputtering and
characterized by small-angle X-ray reflectometry. The relationship between periodic thickness of multilayers and
velocity, the relationship between effective thickness of Mo and Si layers and velocity, and the interface roughness
of multilayers are provided by characterization of X-ray reflection spectrum. The broadband multilayer stack is
designed by utilizing the Levenberg—Marquardt algorithm, and the designed EUV reflectance is R=42%+1% at the
range of 16.8°~24.8°. The designed stack is deposited according to the relationship between effective thickness of
Si layers and velocity and the relationship between periodic thickness of multilayers and velocity. The measured

EUYV reflectance of the broadband Mo/Si multilayer stack is 41.2%~43.0% at the range of 16.8°~24.8°, which is very
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close to the designed value. Further fabrication error reversion indicates that the small difference between the

experimental and designed results is mainly caused by the systematic error in the calibration of I" value and interface
roughness of Mo/Si multilayers.
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Table 1 Periodic thickness d and I value of Mo/Si multilayer films under different velocities

No. vg; /(r/min) Vy, /(r/min) d /nm r o o
ML1 1.4108 0.7147 7.455 0.554 1.06 0.00
MIL2 1.1355 0.7147 8.4333 0.485 0.95 0.01
ML3 1.4108 0.9438 6.4865 0.493 0.97 0.03
ML4 0.9501 0.7147 9.3862 0.429 0.98 0.07
MLS5 1.4108 1.3889 5.5455 0.418 0.90 0.00

P L 22 2 B S 2 S RO S B B SR A B A 5 IS A R B L L. (a) MLL; (b) ML2; (c) ML3
Fig.1 Comparison result between measured and calculated extreme ultraviolet reflectance based on the multilayer film inversion
structure. (a) ML1; (b) ML2; (c) ML3
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Fig.2 (a) Design result of M4 broadband films based on LM algorithm; (b) thickness of M4 broadband multilayer films
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Fig.3 Tolerance analysis of M4 broadband multilayer stacks based on LM algorithm. (a) Systematic error of layer thickness;

(b) systematic error of I'; (¢) random error of layer thickness
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Fig.5 Comparison between measured and designed reflectance spectrum of M4 broadband multilayer films
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Fig.6 (a) Fitting results of measured reflectance spectrum of M4 broadband multilayer films; (b) comparison between the M4 broadband

multilayer stacks calculated by fitting parameters and the designed stacks
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