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Si and Ge nanowires have recently received renewed attention owing to their significantly
enhanced energy storage (Li ion batteries) and energy generation (thermoelectrics) properties.[1-5]
Nanowires are attractive due to their potential for the formation of single-crystalline, defect-free,
heterostructure devices structures with controlled electronic and optical properties. The challenge,
however, is the large-scale fabrication of materials with precisely controlled composition, structure,
and morphology.

Si and Ge nanowires are most commonly grown via vapor-liquid-solid (VLS) process using
Au as the catalyst, although other metals (e.g., Ag, Al, Cu, Ga, In, Mn, Ni, Pd, Pt, and Ti) and
variants of VLS method, such as vapor-solid-solid (VSS) process have been used. [6] During VLS
(or VSS), material from the vapor phase is preferentially deposited in the form of a wire at the wire-
catalyst interface. Recent studies indicate that VLS growth of Si/Ge heterostructured nanowires
using Au as the catalyst leads to diffuse interfaces. [7] Controlling the interfacial abruptness is a
challenging task that depends sensitively on the catalyst state and composition. Therefore, we
explore the possibility of using alloy catalysts to grow nanowires. As a first step, we study the
kinetics of Si nanowire growth using Au-Al as the catalyst.

Using in situ transmission electron microscopy (TEM), we directly observe the growth of Si
nanowires disilane as the Si source gas and Au-Al as the catalyst. Growth experiments are carried
out on clean Si(111) substrates. First, we deposit a few monolayers of Al followed by Au. The
samples are then transferred to the TEM chamber and growth is initiated by heating the samples in
presence of disilane gas. Bright-field TEM images are recorded at video rate (30 frames/s) during
growth as a function of temperature, pressure, and time. For the Au-Al/Si system, we find that the
VLS growth of nanowires occurs at relatively higher temperatures (~500 °C) than that is required in
Au/Si system. Presence of Al leads to the growth of narrower wires with smoother surfaces.
Interestingly, we observe VSS growth at lower temperatures. Our observations indicate that the
catalyst composition and its state can significantly alter the nanowire growth kinetics and hence
growth morphologies and structures. These results may help develop methods to synthesize
nanowires with tunable morphologies and compositions.
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