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Abstract

A systematic investigation of the microstructure produced in ion-induced chemical vapor
deposition (11-CVD) of copper from Copper(l) hexafluoroacetylacetonate-
vinyltrimethylsilane (Cu(l)hfacVTMS) gas precursor is reported. [1-CVD involves the
ion-driven decomposition of Cu(l)hfacVTMS and subsequent deposition of Copper films
at ambient temperature. The thin films were grown with the aid of a broad beam
Kaufman source in a “multibeam apparatus,” which allowed monitoring of experimental
conditions — growth rate, temperature, ion beam flux, ion beam energy and gas precursor
flux. Deposition temperatures ranged from room temperature to 100°C. The desirable
operation range is the “ion-flux-limited regime,” in which sufficient precursor flux allows
the growth rate to scale with the ion flux.

Plan-view TEM and cross-sectional TEM (XTEM) show that the film develops a
characteristic cellular microstructure of continuous crystalline copper columns (15 nm
diameter) surrounded by an amorphous phase containing both carbon impurity and
copper. The column diameter increases with temperature but is not affected by the growth
rate for temperatures up to 60°C. At higher temperatures, the growth mechanism is not
purely ion driven due to the onset of thermal CVD. However quantitative XPS (x-ray
photoelectron spectroscopy) shows that the film purity not only increases with substrate
temperature, but also increases with decreasing growth rate due to the kinetics of
byproduct desorption. STEM-EDS (scanning transmission electron microscopy — energy
dispersive x-ray spectroscopy) shows that the intercolumnar spaces contain more copper
at lower growth rates for a given substrate temperature.

Hydrogen-atom-assisted 11-CVD effectively removed all carbonaceous impurity
to within the detection limit of XPS. The cellular microstructure is not observed in these
films; however deposition at 100°C produces films that still retain a columnar structure
even though the atomic fraction of carbon is only ~0.5%. This high temperature growth
process has a mixed mechanism where the ion beam flulx also enhances the kinetics of
the thermal CVD process.

The microstructure evolution is modeled as a cellular growth process that is
controlled by surface transport of carbon impurity. The cellular mechanism is
corroborated by the sharp transitions observed in XTEM for a change in deposition
conditions. The surface diffusion is not only a function of temperature but also the ion
flux. This explains why the column diameter remains independent of growth rate at
constant temperature. The model assumes an approximately linear dependence of the
diffusion constant’s pre-exponential factor with the ion flux. The model predicts column
diameters that are in good agreement with experimental data. The model was designed to



integrate with Chiang’s kinetic model to providie a foundation for depositing controlled
microstructures using 11-CVD.

The work presented here demonstrates the possibility of growing controlled nano-
cellular microstructures using a low voltage broad ion beam at or near ambient
temperature. Films with such nano-cellular structures are expected to have highly
anisotropic properties that could be used in a variety of applications, including magnetics.
It is possible that other metallic nanostructures with specific functionality could be
deposited using other precursors with the appropriate chemistry.
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