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1. Y.C. Lin, K.C. Lu, W.W. Wu, J. Bai, L.J. Chen, K.N. Tu, and Y. Huang, “Single

Crystalline PtSi Nanowires, PtSi/Si/PtSi Nanowire Heterostructures and

Nanodevices,” Nano Lett. 8, 913-918 (2008).
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We report the formation of PtSi nanowires, PtSi/Si/PtSi nanowire heterostructures, and nanodevices

Bl

from such heterostructures. Scanning electron microscopy studies show that silicon nanowires can
be converted into PtSi nanowires through controlled reactions between lithographically defined
platinum pads and silicon nanowires. High-resolution transmission electron microscopy studies
show that PtSi/Si/PtSi heteorstructure has an atomically sharp interface with epitaxial relationships
of Si[1 iO]//PtSi[OlO] and Si(111)//PtSi(101). Electrical measurements show that the pure PtSi
nanowires have low resistivities of ~28.6 pQ-cm and high breakdown current densities > 1x10°
A/cm’. Furthermore, using single crystal PtSi/Si/PtSi nanowire heterostructures with atomically
sharp interfaces, we have fabricated high-performance nanoscale field-effect transistors from
intrinsic silicon nanowires, in which the source and drain contacts are defined by the metallic PtSi
nanowire regions, and the gate length is defined by the Si nanowire region. Electrical measurements
show nearly perfect p-channel enhancement mode transistor behavior with a normalized
transconductance of 0.3 mS/um, field-effect hole mibility of 168 cmz/V-s, and on/off ratio >10’,

demonstrating the best performing device from intrinsic silicon nanowires.

2. Y.C. Chou, W.W. Wu, S.L. Cheng, B.Y. Yoo, N. Myung, L.J. Chen, and K. N. Tu,

“In—situ TEM Observation of Repeating Events of Nucleation in Epitaxial Growth
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The formation of CoSi and CoSi, in Si nanowires at 700 and 800°C, respectively, by point contact
reactions between nanodots of Co and nanowires of Si have been investigated in situ in a ultrahigh
vacuum high-resolution transmission electron microscope. 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 CoSi,/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. This is a general behavior of epitaxial growth in nanowires. The axial
heterostructure of CoSi,/Si/CoSi, with sharp epitaxial interfaces has been obtained. A discussion of
the kinetics of supply limited and source-limited reaction in nanowire case by point contact reaction
is given. The heterostructures are promising as high performance transistors based on intrinsic Si

nanowires.

3. K.C. Chen, W.W. Wu, C.N. Liao, L.J. Chen, and K.N. Tu, “Observation of Atomic
Diffusion at Twin-modified Grain Boundaries in Copper,” Science 321, 1066-1069
(2008).
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Grain boundaries affect the migration of atoms and electrons in polycrystalline solids, thus
influencing many of the mechanical and electrical properties. By introducing nanometer-scale twin
defects into copper grains, we show that we can change the grain-boundary structure and
atomic-diffusion behavior along the boundary. Using in situ ultrahigh-vacuum and high-resolution
transmission electron microscopy, we observed electromigration-induced atomic diffusion in the
twin-modified grain boundaries. 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 this occurs because of the incubation time of nucleation of a new step at the triple

points. The long incubation time slows down the overall rate of atomic transport.

4. C.Y. Lee, M.P. Lu, K.F. Liao, W.W. Wu, and L.J. Chen, “Vertically Well-Aligned
Epitaxial Ni31Si12 Nanowire Arrays with Excellent Field Emission Properties,”
Appl. Phys. Lett. 93, 113109 (2008).
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Vertically well-aligned single crystal Nis;Sij; nanowire (NW) arrays were epitaxially grown on
Nis; Sij, films preferentially formed on Ni foil substrates with a simple vapor phase deposition

method in one step. The Ni3;Sij;; NWs are several micrometers in length and 50—80 nm in diameter.



The resistivities of the Ni31Si12 NWs were measured to be 51 pQ-cm by four-terminal electrical
measurement. The NWs can carry very high currents and possess excellent field emission properties.
The growth of vertically well-aligned Ni3;Si;; NW arrays shall lead to significant advantages in the

fabrication of vertical Si nanodevices.

5. Y.C. Chou, W.W. Wu, L.J. Chen, and K.N. Tu, “Homogeneous Nucleation of
Epitaxial CoSi, and NiSi in Si Nanowires,” Nano Lett., ASAP doi:

10.1021/n1900779j (2009).
) Distribution of incubation time

Interface
L® ]
i Lisc
20 aaoc ¥

tsech
L] 5 o 15 M % 30 315

Homogeneous nucleation is rare except in theory. We observed repeating events of homogeneous

nucleation in epitaxial growth of CoSi, and NiSi silicides in nanowires of silicon by using high
resolution TEM. The growth of every single atomic layer requires nucleation. Heterogeneous
nucleation is prevented because of non-microreversibility between the oxide/Si and oxide/silicide
interfaces. We determined the incubation time of homogeneous nucleation. The calculated and the
measured nucleation rates are in good agreement. We used Zeldovich factor to estimate the number
of molecules in the critical nucleus; it is about 10 and reasonable. A very high supersaturation is

found for the homogeneous nucleation.
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