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Dynamic Evolution Behavior and Kinematic Characteristics of Each Pits on (111)
Crystal Face of CaF; Crystals
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Abstract: The application of CaF, crystal in photolithographic machine becomes a hot research topic. However, differentdefects in
the crystal seriously restrict its actual performance. In this paper, the morphological and spatial extension characteristics of etch pits
formed by the crystal face (111) of CaF, crystal were observed, and the corresponding defect characteristics of various etch pits were
analyzed, which is aprerequisite for the accurate characterization and control of crystal defects. The results show that the etch pits on
the crystal face (111) of CaF, have three types, i.e.,triangular conical pit, cone-flat bottom pit and flat bottom pit. Triangular conical
pits and cone-flat bottom pits have directional movement characteristics, indicating that the corresponding defects of these pits are
related to the dislocations of the materials. However, there is no spatial extension in the flat bottom pit, which is formed after the
defects are completely corroded, and the corresponding defects may be the remains of local defects such as impurities, vacancies and
small dislocation rings. The physical parameters of the formation process of the etch pit are obtained, and the kinematic model of the
etch pit is establishedby tracking the evolution process of the etch pit in real time. This work provides a basis for further studiesonthe
corrosion theory of crystal materials.
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Fig. 1 Evolution process of etch pits observed on (111) crystal face of calcium fluoride crystal
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Fig. 2 Evolution process of triangular conical pit shape with corrosion time
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(a) Shape pictures of triangular cone pit measured by optical profiler
L is Width; t is time.
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Fig. 3 Characterization of the width and depth of triangular conical pits
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Fig. 4 Variation diagram of the pit tip of triangular conical pits with corrosion time
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(a) Pit tip at center of etch pit

(b) Pit tip on left side of etch pit center
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(c) Pit tip on right side of etch pit center

(d) Top view of triangular cone pit and cross-sectional model
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Fig. 5 Fine structure characterization of triangular conical pits
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Table 1 Structural parameters of etch pits with different pit center types

o . Length of Length of Length of Eccentric distance . Included angle
Pit tip position Pit depth h/um
a/um a/um L/um £ /um 0/)
At center of etch pit 45.83 45.83 1.55
On left side of etch pit center 44.29 36.43 7.15 1.47 11.62
On right side of etch pit center 44.55 56.36 7.07 1.72 13.67
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Fig. 6 Evolution of cone—flat bottom pit shape with corrosion time
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Fig. 7 Fine structure characterization of cone—flat bottom pit
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Fig. 8 Evolution of flat bottom pit shape with corrosion time

(a) Flat bottom pit

(b) Cone—flat bottom pit
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Fig. 9 Flat bottom pit pattern is formed before the flat bottom pit and the cone—flat bottom pit disappear
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(a) Corrosion evolution process of triangular cone pit

(b) Corrosion evolution process of the cone—flat bottom pit

Bl 10 JEryuib i MR K
Fig. 10 Schematic diagram of the evolution of etch pit

h, is the depth of conical pit; h, is the depth of the flat bottom pit; V,, is the overall corrosion rate of the intact area

on the crystal surface; V,, is the transverse corrosion rate of the etch pit; V4 is the longitudinal corrosion rate of the corrosion pit

(downward movement rate of etching pit tip); V, is the longitudinal corrosion rate of the lower surface after the conical pit evolves

into a cone—flat bottom pit.
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Table 2 Measurement and calculation results of corrosion
kinematic parameters

V/(ummin ") Vg/(um'min)  Vy/(um'min')  Vy/(um-min')

0.45 0.55 4.62 0.42
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