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Fig 1. AFM images of Ge islands grown on Si (001) at
6000C and 0.1 Torr for growth time of (a) 20sec
(b) 60sec (c) 120sec, and (d) 180sec, respectively.
The deposition rate of Ge is ~0.1ML/sec. The
scan size of the images is 1 x 1 um’.
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Fig. 2 Magnified AFM images of Ge islands with
different shapes and cross—section profiles
along the indicated line. The shapes of the
islands are (a) hut (b) pyramid (c¢) dome, and
(d) superdome, respectively. The shading
from right to left of the AFM raw images
caused the left—side shadows of the islands.
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Fig 5. AFM images of the samples grown for 60sec at
a pressure of 0.5Torr and at a temperature of
6500C followed by annealing at the same
temperature for (a) 10sec and (b) 300sec. The
graphs of (¢) and (d) are number distribution of
height and diameter of the Ge-—islands annealed
for 10sec and 300sec, respectively.
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The nucleation and evolution process of Ge nano-islands on Si(001) surfaces grown by
chemical vapor deposition have been explored using atomic force microscopy (AFM). The
Ge nano-islands are grown by exposing the substrates to a mixture of gasses GeH4 and
H2 at pressure of 0.1-0.5Torr and temperatures of 600-650C. The effect of growth conditions
such as temperature, Ge thickness, annealing time on the shape, size, number density, and
surface distribution was investigated. For Ge deposition greater than ~5 monolayer (ML)
with a growth rate of ~0.1ML/sec at 600C, we observed island nucleation on the surface
indicating the transition from strained layer to island structure. Further deposition of Ge
led to shape transition from initial pyramid and hut to dome and superdome structure. The
lateral average size of the islands increased from ~20nm to ~310nm while the number density
decreased from 4x10'® to 5x10%m™ during the shape transition process. In contrast, for
the samples grown at a relatively higher temperature of 650C, the morphology of the islands
showed that the dome shape is dominant over the pyramid shape. The further deposition
of Ge led to transition from the dome to the superdome shape. The evolution of shape,
size, and surface distribution is related to energy minimization of the islands and surface
diffusion of Ge adatoms. In particular, we found that the initially nucleated islands did not
grow through long-range interaction between whole islands on the surface but via local
interaction between the neighbor islands by investigation of the inter-islands distance.

Keywords : chemical vapor deposition (CVD), Ge nano-island, atomic force microscopy
(AFM), shape transition, local interaction
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