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Quenching of high-pressure phases of Si

using femtosecond laser-driven shock wave
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*Graduated school of Engineering, Osaka University, Japan,
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Abstract
High-pressure phases of silicon — f-Sn, orthorhombic and simple hexagonal structures — were quenched using intense
femtosecond laser-driven shock wave. These high-pressure phases have never been quenched under atmospheric pressure using
hydrostatic and conventional shock compression methods. A femtosecond laser pulse is irradiated to single crystal-silicon with no
dopant. From the result of grazing incidence synchrotron x-ray diffraction, we confirmed the existence of high-pressure phases of

silicon.

Keyword: femtosecond laser, silicon, shock wave, quenching, phase transition
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Fig. 2 SEM images. (a) Specimen surface after femtosecond

laser irradiation. (b) Magnified image.
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Fig. 3 SEM images. (a) Polished specimen surface after

femtosecond laser irradiation. (b) Magnified image.
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Fig. 4 TEM images of cross section of femtosecond laser

irradiated spot.
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Fig. 5 Grazing incidence x-ray diffraction patterns for
(a)femtosecond laser irradiated (Region A) and unirradiated
silicon and (b) femtosecond laser irradiated (Region A and
Region B) and unirradiated silicon. X-ray exposure time: 5

s/step.

Table 1 Assignment of diffractions and comparison between

observed and actual d values'? (Non-polished specimen).

Angle (deg) d . (A) 1 Structure  d (A) | Error (%)
24.26 2.380 sh (001) 2.381 -0.02
24.32 2.375 ‘orth (200) 2.374 0.03

24.7 2339 i8-Sn(200) 2.334 | 0.0
25.56 2.261 1iorth (020) 2.251 0.46
25.78 2242 B-Sn(101) 2.242 0.01
25.94 2229 ‘torth(011) 2.22 0.39
26.26 2.202 sh (100) 2.204 -0.09
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Fig. 6 Grazing incidence x-ray diffraction patterns for

femtosecond laser irradiated and polished silicon.

Table 2 Assignment of diffractions and comparison between

observed and actual d values'? (Polished specimen).

Angle (deg) d ., (A) ! Structure  d (A) 1 Error (%)
2548 2268 lorth (020) 2251 | 077
26.16 2.210 sh (100) 2.208 0.10
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