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Fig. 1. Sequential PEEM images of Ge island growth
on Si (001) substrate during Ge deposition at
500C. The images were obtained at the
growth temperature and deposition times of
(a) 0, (b) 9, (¢) 12, (d) 42 min, respectively.
The Ge growth rate was 0.4 ML/min. The field
of view for the images is 5 um and 1.5 um in
(a), (b), and (c), (d), respectively. The arrows
indicate the same area. The incident light is
the spontaneous emission radiation from the
UV~FEL with a photon energy of 4.9 eV,
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Fig. 2. PEEM images of Ge island growth on Si (113)
substrate during Ge deposition at (a), (b), (c)
4507C, and (d) 550C, respectively. The images
were obtained at the growth temperature and
deposition times of (a) 0 (b) 10, (c) 14, and (d)
57 min, respectively. The Ge growth rate was
0.4 ML/min. The field of view for the images is
5 um, The incident light is the spontaneous
emission radiation from the UV-FEL with a
photon energy of 4.9 eV,
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Fig. 3. AFM images (scan size of 2 x 2 um®) of Ge
islands grown on (a) Si {(001) and (b) Si (113)
surface with similar growth condition, Bottom
graphs show cross—sectional profiles along
the indicated dot lines.
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Fig. 4. Sequential PEEM images of Ge elongated is—
land growth on Si (113) substrate during Ge
deposition at 500°C. The images were ob—
tained at the growth temperature and deposi—
tion times of (a) 21, (b) 25, (c) 41, and (d) 53
min, respectively, The Ge growth rate was 0.15
ML/min. The field of view for the images is 10
um. The incident light is the spontaneous
emission radiation from the UV—FEL with a
photon energy of 5,0 eV,
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Fig. 5. Evolution of the dimensions of an individual
island during Ge deposition in Fig. 4. Both
length and width of the island increases while—
the aspect ratio remains essentially constant,
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Fig. 6. AFM 3—dimensional rending images of Ge
elongated islands (a) grown on Si (113) The
scan size is 2 x 2 um>. The arrow indicates the
length direction of [332]
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Real-time Observation of Evolution Dynamics of Ge Nanostructures
on Si Surfaces by Photoelectron Emission Microscopy
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The evolution dynamics of nanoscale Ge islands on both Si (001) and (113) surfaces is
explored using ultraviolet photoelectron emission microscopy (UV-PEEM). Real-time
monitoring of the in-situ growth of the Ge island structures can allow us to study the variation
of the size, the shape and the density of the nanostructures. For Ge depositions greater than
~ 4 monolayer (ML) with a growth rate of ~0.4 ML/min at temperatures of 450-550TC,
we observed island nucleation on both surfaces indicating the transition from strained layer
to island structure. During continuous deposition the circular islands grew larger via ripening
processes. AFM measurements showed that the islands grown on Si (001) were dome-shaped
while the islands on Si (113) were multiple-side faceted with flat tops of (113)-orientation.
In contrast, for Ge deposition with a lower growth rate of ~0.15 ML/min on Si(113), we
observed the shape transition from circular into elongated island structures. The elongated
islands grew longer along the [332] during continuous Ge deposition. The shape evolution
of the islands is discussed in terms of strain relaxation and kinetic effects.

Keywords : Photoelectron emission microscopy (PEEM), Si(001), Si(113), Ge island, evolu-

tion dynamics, shape transition, strain relaxation
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