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Abstract The development of semiconductor lithography technology requires light sources with short wavelengths.
Excimer laser-based lithography light sources (i.e., KrF-248 nm and ArF-193 nm) are gradually replacing the
previously used light sources based on a Hg lamp, which are the commonly used light sources in current
semiconductor lithography technology. The optical components that are currently employed in lithographic light
sources primarily use calcium fluoride (CaF,) materials, which have excellent transmission characteristics in the
deep ultraviolet region. In this study, the damage characteristics of the laser-material interaction in the development
of the light source are analyzed. The development of the research on ultraviolet resistance of CaF, materials is
comprehensively analyzed by investigating the physicochemical properties of CaF, materials, characteristics of laser
radiation, and damage mechanism of the laser-material interaction. The laser damage characteristics of CaF,
materials for different applications are compared. The approaches and methods to improve the damage thresholds of
optical components are summarized.
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Fig. 2 CaF, crystal. (a) Transmission spectrum; (b) relationship between refractive index and wavelength"
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Table 1  Physicochemical properties of CaF,"!?]

Parameter Value Parameter Value

Crystal density /(g + cm™?) 3.180 Melting point /°C 1423

Melt density /(g * cm *) 2.594 Boiling point /°C 2500
Young's modulus /GPa 89.80 Thermal emissivity 0.8
Shear modulus /GPa 33.77 Expansion coefficient of heat /(107° K ') 18
Volume modulus /GPa 82.71 Crystal thermal conductivity /(W e m '« K1) 9.71
Poisson's coefficient 0.28 Crystal heat transfer coefficient /(W e m % « K1) 5
Moh hardness 4 Melt heat transfer coefficient /(W e m % « K') 10

Dielectric constant (1 MHz) 6.76 Specific heat (273 K) /(J+g ' « K1) 0.88
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Table 2 Laser induced damage thresholds of ultraviolet

transmitting crystals and fused silica

Laser induced damage Laser induced damage

Sample
threshold @560 fs threshold @25 fs
CaF, 1.8 16.1
MgF, 1.7 16.2
LiF, 0.365 9.4
BaF, 0.341 9.4
Suprasil 1.99 6.85
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Fig. 3 SEM images of laser-damaged CaF,. (a) Irradiated by ten ArF laser pulses (6.7 J/cm?);

(b) irradiated by six ArF laser pulses (7.8 J/cm?)
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Fig. 4 SEM images of damage topographies of CaF, (111) surfaces radiated by laser with different fluences.

(a) Conventional standard polish, 27.6 J/cm?; (b) diamond turned surface, 30 J/cm?; (c¢) chemo-mechanically

polished surface, 57.7 J/em®; (d) terrace area of cleaved surface, 46 J/cm
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