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Dislocation Formation During Early Crystal Growth

Dislocations are important features in crystals.
Spiral growth at sites where screw dislocations exit
surfaces can dominate kinetics, especially in cases
where the driving force for crystal growth is low.
Dislocations increase elasticity by several orders of
magnitude, provide critical sites for nucleation during
unmixing or phase transformations, are reactive sites
in mineral dissolution, and greatly impact diffusion.
However, crystal nuclei (nanocrystals) are defect
free and the origin of dislocations during early crystal
growth is often unclear.

When aggregates of nanocrystalline titania (Ti0,)
particles coarsen under hydrothermal conditions, ex-
perimental studies show that oriented attachment
becomes an important growth mechanism. This in-
volves rotation of adjacent particles so that they share
a common crystallographic orientation, followed by
joining of these particles at a planar interface. This
mechanism of crystal growth removes surface energy
through complete elimination of the mineral-air or
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mineral-fluid interface.

Oriented attachment can give rise to homogene-
ous single crystals or crystals separated by twin
boundaries or other planar defects. Highresolution
transmission electron microscope (HRTEM) studies
reveal that growth can also involve attachment cha
racterized by a small misorientation in the interface
(imperfect oriented attachment). Misorientation
arises because attaching surfaces are not always
atomically flat. Edge dislocations form in the regions
of step sites. The dislocation type, ranging from pure
edge to pure screw in character, depends on the
rotational relationship of the primary crystallites.

Imperfect oriented attachment involving multiple
particles may result in closely spaced dislocations with
a wide range of Burgers vectors. Interlaced disloca-
tion growth can then lead to formation of complex,
long period structures whose origin has remained
obscure.

HRTEM image of two crystals, A and B, joined by oriented attachment (left). Diagram (right) shows sources of dislocations of both edge(e)
and screw(s) character in a group of three particles joined by oriented attachment.
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Low dimensional properties of semiconductor surfaces: the case of

a cubic SiC(001) surface

Lowdimensional systems, one or two dimensional
arrangements of atoms, possess exotic and attractive
physical properties, such as instability of metallic
phases, anomaly of lattice vibrations, charge or spin
density waves and superconductivity. Surface layers
of crystalline solids provide a variety of two di-

mensional atomic arrangements, which can be probed

directly by many experimental methods. Although
not that common, some solid surfaces exhibit highly
anisotropic structures, which lead to linear chains of
atoms or molecules. Such anisotropic structures on
solid surfaces provide another and new type of one
dimensional materials to be investigated. On semi-
conductor surfaces, recent interests on one dimen-
sional structures concern not only pure scientific
motivations but also technological potentials for the
future electronic devices in a nanometer scale.

Since the key for the interesting low dimentional
physical properties lies on the behavior of electrons,
the detailed investigation of electronic structures are
of prime importance for the one dimensional st-
ructures on solid surfaces. We have recently in-
vestigated the atomic and electronic structures (band
structures) of the well ordered one dimensional st-
ructures on semiconductor surfaces auch as In, Al, Ag
linear chains on Si surfaces. The most recent exam-
ple of these researches is the highly-stable and highly-
controllable one-dimensional chains of Si atoms realiz-
ed on the surface of a SiC crystal. The atomic scale
'wires’ shown in the scanning tunneling microscopy
image (Fig. 1a) are composed of Si dimers as their
building blocks. The density of these ’quantum’
wires, whose length is as long as ~ lum, can be

Han Woong Yeom (A7 b A LZEWFEXE > 5 —)
yeom @ chem.s.u-tokyo.ac.jp

controlled quite easily and the most dense phase of
them isthe 3 X 2 arrangement of the building blocks.

The band structure of the electrons localized on
these wires in the 3 X 2 phase was probed by
angle-resolved photoelectron spectroscopy, which is a
unique electron spectroscopy capable of measuring the
energy and momentum of electrons. We found four
different electron bands related to the quantum wires
within the band gap of bulk SiC (Fig.Z). The band
structure measured shows, however, only very small
dispersions, which suggests that the electrons are
localized without a significant interaction even along
the quantum wires. That is, each building block of
the wires is rather independent of each other. Thus a
Si quantum wire is not one-dimensional in terms of its
electrons but is *zero dimensional’. This peculiar zero
dimensional property shows up in a detailed STM
images of the 3 X 2 phase as shown in Fig. 1b. At a
certain condition, the 3 X 2 unit cells show random
spatial fluctuations (in their structure or charge
density). This fluctuation (or disorder) is not dynamic
and is frozen even at room temperature. We believe
that this fluctuation reflects the zero-dimensional cha-
racter of the surface, which is, however, contradictory
with its one-dimensional appearance.

As demonstrated in the present example of the Si
cells on the SiC surface, the low dimensional st-
ructures on semiconductor surfaces will bring us into a
world of puzzling and challenging physical pro-
perties. Beyond the scope of pure intellectual in-
terests, the researches on such structures will provide
a pole of the bridge to the future quantum-scale
electronic device technology.
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Figure |. (a) A scanning tunneling microscopy image of the Si quantum wires formed on the cubic SiC(001) surface. (b) An empty state
image of the 3 X 2 phase composed of the quantum wires, which shows a random fluctuation of unit cells.
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Figure 2. Experimentally measured dispersion curves for the electron states localized on the quantum wires when they form the 3 X 2
The hatched areas are the SiC bulk band.
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