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INTRODUCTION 

CaF2 shows the high transmittance from ultraviolet 

to infrared, low refractive index and low dispersibility. 

Thus, CaF2 has been extensively used in a telescope and 

photolithography as lenses and window materials. On the 

other hand, CaF2 is used for the scintillator host material. 

In this report, we fabricated CaF2 thin films by using 

femtosecond laser pulses. And the relation between laser 

fluence and morphology of thin films was investigated. 

EXPERIMENT AND RESULT 

The target of sintered CaF2 was irradiated with the 

focused beam from femtosecond laser (pulse width: 180 

fs, wavelength: 790 nm, repetition rate: 1 kHz) as shown 

in Fig. 1. Thin films were deposited on a fused SiO2 

substrate at 670 K under high vacuum condition (~2×10
-4

 

Pa). To investigate the influence of laser fluence, laser 

fluence on the target surface was controlled 5.6, 45 and 

86 mJ/cm
2
. By using this method, impurities are 

extremely rarely mixed into deposited particles. 

Additionally, we don’t need to use F2 gas as the assist gas 

because of small difference of chemical composition 

between the source target and deposited particles. 

We successfully fabricated thin films by 

femtosecond laser pulses. As shown in Fig. 2, the thin 

film which was grown at lowest laser fluence was 

 

Fig. 1 Experimental setup for deposition of CaF2 thin 

film  

 

 

Fig. 2 SEM images of CaF2 thin films. CaF2 particle 

size depends on laser fluence. 

 

Fig. 3 Elemental analysis by EDS. The difference of 

composition ratio between thin films and the source 

target was small even by high laser fluence 



composed of submicron particles 0.20 m in mean 

diameter. By higher laser fluence irradiation, thin films 

were mainly composed of molten particles by heat effect 

of laser pulses. And the cracks were observed in molten 

particles. These cracks were generated during cooling 

process from 670 K to R.T. due to the gap of the 

coefficient of thermal expansion between CaF2 and SiO2 

substrate.  

Figure 3 shows result of elemental analysis by EDS. 

The difference of composition ratio between thin films 

and the source target was small even by high laser 

fluence.  

Figure 4 shows the spectra of thermally stimulated 

luminescence (TSL). The TSL peak around 530 K was 

observed in all thin films. The strong TSL peak around 

700 K was observed from thin film of 5.6 mJ/cm
2
. The 

TSL peaks around 450 K and 570 K were observed from 

thin film of 86 mJ/cm
2
. 

CONCLUSION 

In summary, we fabricated CaF2 thin films by using 

femtosecond laser pulses. The relation of laser fluence 

and morphology of thin films was found. In submicron 

particles, surface ratio per volume is increased and it 

brings increase of surface level influence. Cracks of 

molten particles bring defect level. Using as a scintillator 

material, shortening of fluorescence decay time caused 

by such surface and defect levels can be expected from 

these thin films. 
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Fig. 4 Spectra of thermally stimulated luminescence.  


