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In situ Ultrahigh Vacuum Transmission Electron Microscope
Investigations of Nanostructures

Lih-Juann Chen (f& 7 1%)

Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu.
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Low-dimensional nanostructures, such as nanodots, nanowires and nanotubes,
are especially attractive candidates for developing a bottom-up paradigm for
nanotechnology-enabled architectures. In situ ultrahigh vacuum transmission electron
microscope (UHV-TEM) is a powerful tool to investigate the dynamic changes of
nanostructures. By observing growth and phase transitions in situ, understanding of
their mechanisms can be used to model relevant processes. Recent development of
UHV-TEM further enables the investigation on atomic-scale materials systems in a
clean environment. With the precise knowledge of the changes occurred on an atomic
level, accurate control of the growth process can be achieved [1]. The appropriate
utilization of the UHV-TEM will be beneficial in studying the fundamental
mechanisms of dynamic reactions, formation of transient phase, solid-state
amorphization, epitaxial growth, growth kinetics and evolution of defects.

The dynamical changes occurred on the nano scale are often unexpected, which
also underscores the importance of the approach. In this presentation, we will
highlight several examples to demonstrate the unique capability of in situ TEM to
study the dynamical changes. The examples include
1. Growth of high-density titanium silicide nanowires in a single direction on a

silicon surface [2]: Merging of the two NWs in the same direction and collapse of
one NW on a competing NW in different directions when they meet at the ends
were observed. On the other hand, as one NW encounters the midsection of the
other NW in different direction, it recedes in favor of the bulging of the other NW
at the midsection. The crucial information has been fruitfully exploited to grow a
high density of long and high aspect-ratio Ti silicide NWs on Si(110) in a single
direction. -

2. Controlled growth of atomic-scale Si layer with huge strain in the
nano-heterostructure NiSi/Si/NiSi through point contact reaction between
nano-wires of Si and Ni and reactive epitaxial growth [3]: Point contact reactions
between a Si nanowire and a Ni nanowire are reported in which the Si nanowire is
transformed into single crystal NiSi with an epitaxial interface which has no misfit
dislocation. The growth of the NiSi occurs by the dissolution of Ni into the Si
nanowire and by interstitial diffusion from the point of contact to the epitaxial
interface. The point contact reactions have enabled us to fabricate single crystal
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NiSi/Si/NiSi heterostructures of atomically sharp interfaces for nanoscale devices.
. Observation of repeating events of nucleation in epitaxial growth of nano CoSi; in
nanowires of Si [4]: The CoSi, has undergone an axial epitaxial growth in the Si
nanowire and a stepwise growth mode was found. We observed that the stepwise
growth occurs repeatedly in the form of an atomic step sweeping across the
CoSiy/Si interface. It appears that the growth of a new step or a new silicide layer
requires an independent event of nucleation. We are able to resolve the nucleation
stage and the growth stage of each layer of the epitaxial growth in video images.
In the nucleation stage, the incubation period is measured, which is much longer
than the period needed to grow the layer across the silicide/Si interface. So the
epitaxial growth consists of a repeating nucleation and a rapid stepwise growth
across the epitaxial interface. A discussion of the kinetics of supply-limited and
source-limited reaction in nanowire case by point contact reaction is given.

. Observations of electromigration in copper lines at room temperature [5]: Grain
boundary affects migration of atoms and electrons in polycrystalline solids, hence
it controls many mechanical and electrical properties of the solids. By introducing
nano-twins into Cu grains, we show here that we change the grain boundary
structure and atomic diffusion behavior along the boundary. Using in-situ
UHV-TEM, we observed directly electromigration induced atomic diffusion in the
twin-modified grain boundaries in Cu lines. The triple point where a twin
boundary meets a grain boundary was found to slow down grain boundary and
surface electromigration by one order of magnitude. We propose that it is due to
the incubation time of nucleation of a new step at the triple points. The finding
shall lead to the effective strategy to suppress electromigration by introducing a
high density of nano-twins in the Cu interconnects.
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