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Abstract This study investigates the effect of Czochralski (CZ) growth conditions on the structural and optical properties
of high-purity CaF, single crystals, with a focus on application in deep ultraviolet (DUV) optical applications. Two (111)
single crystals, grown under different pulling and cooling rates (C2308 and C2408), were compared to elucidate the
influence of thermal gradients on residual stress development and defect formation. The C2408 (slow-pulling, gradual-
cooling) condition reduced thermal gradients, resulting in the suppression of structural defects and stress birefringence.
These results demonstrate that controlling growth and cooling rates is a critical factor in determining the overall structural
and optical properties of CaF, single crystals, including crystallinity, stress-induced birefringence, and defect density.
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Fig. 1. Process flow of CaF, crystal growth using the Czochralski
method under two growth/cooling conditions.
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Fig. 2. Temperature profile of the furnace during CaF, single
crystal growth for C2308 and C2408, including the heating,
growing, and controlled cooling stages.
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Fig. 3. XRD patterns of CaF, single crystals under different

growth conditions (C2308 and C2408). The full width at half

maximum (FWHM) of the (111) diffraction peak were calcu-
lated by Gaussian fitting to evaluate the crystallinity.
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Fig. 4. UV-NIR transmittance spectra of CaF, single crystals.

C2408 (red solid line) exhibits higher DUV transmittance and
lower defect-related absorption than C2308 (black solid line).
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Fig. 5. Birefringence distribution maps of CaF, single crystals grown under (a) C2308 and (b) C2408 conditions, measured at
193 nm, 248 nm, and 570 nm.
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Fig. 6. Quantitative comparison of the average birefringence
values of CaF, single crystals at 193 nm, 248 nm, and 570 nm
for two conditions (C2308 and C2408).
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Fig. 7. Contour maps of refractive-index homogeneity measured at 633 nm for CaF, crystals grown under (a) C2308 and (b) C2408
conditions. Measurements were performed using a Verifire PE interferometer over a 30 mm aperture.
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(a)

Fig. 8. Optical microscope images of etch pit density (EPD) in CaF, single crystals grown under two conditions: (a) C2308 and (b)
C2408. Etch pits on the (111) plane were observed after chemical etching.
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