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Figure 1. UPS spectra of a Si(100) clean surface (solid line) and a
Si;Hs GSMBE-growing Si(100) surface (dots) at 500°C. The Si,Hs
pressure is 5 X 1077 Torr and the photon energy is 22 eV.
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Figure 2. Time evolutions of UPS intensities during GSMBE
growth on a Si(100) 2 1 clean surface at various growth tempera-
tures at a Si;Hg pressure of 5 X 10~7 Torr. The photoelectron energy
is indicated by an arrow in the UPS spectra in Fig. 1. Linearly pola-
rized synchrotron radiation, whose energy was set at 23.3 eV, was
used for exciting the photoelectrons.
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Time evolutions of UPS intensities during GSMBE
growth on a Si(100) 2 x 1 clean surface at various Si,Hj pressures at
a temperature of 500°C. The other conditions are the same as in Fig.
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Figure 4. Time evolution of a UPS intensity during SSMBE
growth on a Si(100) 21 clean surface at a temperature of 450°C.
The other conditions are the same as in Fig. 2.
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Figure 5. Two types of UPS oscillations: one that stars from the

2% 1 dominant surface (left) and the other that starts from the 1 X2
dominant surface (right). The points a, b, and ¢ correspond to the
surface before growth, after 1 ML growth, and after 2 ML growth,
respectively. The drops (Dy) are due to a termination of dangling
bonds with hydrogen.
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Figure 6. Time evolutions of UPS intensities during GSMBE
growth at a temperature of 500°C and at a Si,H, pressure of (a) 5x
10-7 Torr, (b) 2.5X%10~7 Torr, and (c) 1x 107 Torr. Symbols A
and B stand for a 2X 1 dominant and a 1 X2 dominant surfaces at
the beginning of the growth.
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Figure 7. Band dispersions for a Si(100) 2x 1 clean surface. Cir-

cles stand for strong or clear bands and triangles stand for weak or
ambiguous bands.
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Figure 8. Angle-resolved UPS spectra of single-domain Si(100)
clean surfaces. The two surfaces are prepared by switching a polari-
ty of an applied dc current across a wafer during annealing with
fixed azimuth.
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Figure 9. Time evolutions of UPS intensities taken at various bind-
ing energies during GSMBE growth on Si(100) at a Si,Hg pressure
of 1 X 1077 Torr with a substrate temperature of 500°C. The binding
energies are (a) 18.8¢eV, (f) 4.5¢V, (g) 4.2¢V, (h) 3.9¢V, (i) 3.6
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Figure 10. (a) Angle-resolved UPS spectra of Si(100) clean sur-

faces at a polar angle of 5°. (b) A comparison between the energy
dependence of UPS-oscillation amplitude (solid circles) derived
from Fig. 9 and the difference spectra (dots) in (a).
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Figure 11. Reciprocal lattice of a double-domain Si(100) 2 x 1 sur-
face (left) and corresponding RHEED patterns taken in the [010]
azimuth (right) . The solid circles (A), the open circles (B), and the
ellipse (C) denote the 1 %2, the 2% 1, and the specular-beam spots,
respectively.
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Figure 12. RHEED oscillations at the specular-beam spot of C
and the half-order spot of A or B in Fig. 11 during GSMBE on
Si(100). The substrate temperature is fixed at 500°C with the Si,Hg
pressure varied from 7.5x 1077 to 5 x 10~8 Torr.
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Figure 13. Logarithmic plot of periods of UPS oscillations (solid
circles) and of RHEED oscillation (open circles). as a function of
Si,Hg pressure at a substrate temperature of 500°C.
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Figure 14. A flow chart of the Monte Carlo simulation for a sili-
con-MBE growth on Si(100).
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Figure 15. Representative UPS oscillations simulated by the
Monte Carlo technique.
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Figure 16. Representative RHEED oscillations simulated by the
Monte Carlo technique.
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Figure 17. Initial amplitude (open circles) and damping rate
(close circles) of simulated UPS oscillations as a function of growth
rate. The off angle of the surface is fixed.
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Figure 18. Initial amplitude (open circles) and damping rate
(close circles) of simulated UPS oscillations as a function of growth
rate. The T is fixed.
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