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Influence of Photon Energy on Crystallization of
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Low-temperature crystallization of Si, Ge and SixGe; - films by SR-soft x-ray irradiation using short undulator light is examined. By
setting the photon energy to that of the core electron orbital, the crystallization is examined experimentally and discussed theoretically
from a view point of Ge diffusion. The temperature during the crystallization of Si, Ge or Sij 5Ge, 5 by soft x-ray was 80 to 140 degree C
lower than that by the conventional rapid thermal annealing. The elementary process of the soft x-ray irradiation is thought to be the
atom-diffusion following the localized excitation of the core-electrons and the generation of Coulomb repulsion. For the low-tempera-
ture crystallization, the quasi-nuclei are formed via the elementary process.
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Fig. 1 Endstation of NewSUBARU BLO7A (Arrow).
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Fig. 2 Raman spectrums of Si (a), Ge (b), and Sig5Gegs (c)
after soft x-ray irradiation. Positions 1 and 2 are the irradia-
tion areas and 3 is non-irradiation area for (a) and (c¢), and
positions 1-3 are the irradiation areas and 4 is non-irradiation
area for (b).
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Fig. 3 Relationship between the crystalline fraction and satu-
rated temperature for crystallization (a) and cross sections of
absorption for each core electrons and photon energy (b).
The dashed lines are the threshold temperature for RTA
crystallization and arrows show the difference of the
threshold temperature between the soft x-ray and RTA crys-
tallizations.
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Fig. 4 Relationship between the crystalline fraction and the photon flux under each photon energy for Ge (a) and Sig5Gegs (b) films,
calculated result of the transition probability from the core electron orbital to the vacuum level at each photon energy (c), and the
relationship between the area of the crystallization region of a-SixGe; _x film and the fraction of Si or Ge (d). The transition probability is

normalized at 50 eV of photon energy for (c).
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Fig. 5 Mechanism of the soft x-ray crystallization.
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