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Solid-Phase Crystallization of Semiconductors
with X-ray Irradiation using Synchrotron Radiation

Fumio Sato, Katsuyuki Goto and Jun-ichi Chikawa’

NHK Science and Technical Res. Labs.
"Himeji Institute of Technology

[n recent years, semiconductor process techniques such as crystal growth, etching etc.
using laser light, ultraviolet rays, and synchrotron radiation have been widely investigated.
Most of these investigations have focused on some effects of valence-electron excitation on
the atomic movements. On the other hand, the authors have found that the inner-shell
excitation by X-ray irradiation using synchrotron radiation is effective to enhance the
crystallization of amorphous silicon and to obtain high-quality crystals. In this paper,
characteristics of this solid-phase crystallization by inner-shell excitation are reported. The
applications of such excited structure are also described.
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Fig.1 Effect of irradiation with SR on crystallization of P-CVD amorphous
silicon. In the optical micrograph(a), the irradiated part. 5 X 5mm, at the
center of the specimen can be seen. (b) and (c) are field-emission
scanning electron micrographs for the irradiated and nonirradiated
parts, respectively, in (a). <Ref. 11>
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Fig.2 Comparison between crystallization and inten-
sity distribution of the SR beam. The solid curve
with the open circles shows the ration li /I
plotted against distace from the beam center in
the direction vertical to the orbital plane of the
storage ring, where |, and I, are the Raman
peak intensities (at 52icm™') due to crystal-
lization measured for the irradiated and non-
irradiated parts, respectively. The specimen was
irradiated through a 5-mm-wide slit. The dotted
lines show the intensity distribution of the SR
beam calculated for various photon energies.
The irradiation effect is due mainly to X-rays
having photon energies larger than about 3KeV.
<{Ref. 11>
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Fig.3 Raman spectra for the specimen of Fig.1
before(a) and after(b) irradiation with SR. < Ref.
13>
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Fig.4 Experimental configuration.
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Fig.5 The relationship between intensity of SR beam
and temperature of the specimen necessary for
the epitaxial growth of the amorphous Si films.
Amorphous Si films with a thickness of 300nm
were deposited onto Si single crystal substrates
by the low pressure chemical vapor deposition
method. The intensity of SR beam is expressed
as the current of the storage ring. The temper-
ature of the specimen was controled using a
water-cooled holder independently on the inten-
sity of SR beam and was measured by a
radiation thermometer. The open circles show
the specimens for which the 521cm-1 Raman
peak was detected after the irradiation with
durations indicated in the blackets (min.) and the
dot circles are not, respectively.
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Fig.6 The temperature dependence of the epitaxial
growth rate of implanted-amorphous Si. The
surface layer of Si single crystal wafer was
amorphized by the implantation of P at low
temperatures. The thickness of amorphous layer
is a about 400nm. The measured data are
indicated by error bars for ambiguous temper-
ature of the specimen. The data reported by
other workers who crystallized the P-implanted
amorphous specimens by the conventional ther-
mal annealing are also shown.
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Fig.7 Depth profiles of P before and after SPEXI. The
specimen is the same as the one used in Fig.6.
X-ray irradiation was performed at the temper-
ature of 800 °C for 1 second. P concentration
was measured by SIMS. <Ref. 19>
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Fig.8 Raman spectra for Si single crystal substrate, a
SPEXI film, and a thermally grown film. The
horizontal dashed lines indicate the zero level
for each profile. <Ref. 11>
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Fig.9 Transmission electron micrographs showing
cross sections of both the epitaxial film and
substrate. (a) SPEXI film. (b) Epitaxial film
obtained by thermal annealing at 620 °C for 10
min. <Ref. 11>
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