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Metal nanowires have attracted much attention due to their (I) complex increased in the following order:
potential use as interconnects in future nanoelectronics and ap-
plication possibilities for magnetic devices, nanosensors, electron Cu(etac)[P(OEt], > Cu(etac)[P(OMe}, >
emitters, and many more. Among the various physical and chemical > >
methods developed for the fabrication of metal nanowires, the Cu(btac)[P(OEg), > Cu(btac)P(OMe[P(OED]
chemical/electrochemical methods utilizing templates, such as Cu(btac)[P(OMejl,
membranes, nanostructures, and surface step-edges, are the more
widely used approaches to preparing free-standing metallic
nanowires 20

CVD experiments were carried out using the Cu(l) complexes
as the precursor in a glass cold-wall reactor to investigate the grain

Most of these methods, however, require removal of the templates9roWth of the deposited copper films. Typically, the precursor was
to produce free-standing metal nanowires. A method using step- evaporated onto a Si(111) substrate at a temperature range-ef 200

edges as the templates was reported to grow nanowires removabl&00°C under 0.3-1.0 Torr using argon as a carrier gas. No reducing
from the template surfaces. Nanowires of copper, nickel, silver, @9€nt such as hydrogen was used. . .

gold, and palladium have been prepared by such a method by Panels ac qf Figure 1 show the cross-sectional SEM images
electrodepositing Mo oxide wires at the step-edges on a graphite ©f the copper films grown at a substrate temperature of"Z5r

surface followed by reduction inihowever, they were composed 30 Min using Cu(btac)[P(OMg, Cu(btac)[P(OEH, and Cu-
of rough graing:20 The metal nanowires of Au, Ag, Pd, and Pt (etac)[P(OMej], as precursors. The grains in the films deposited

grown by a redox chemistry method using Libg®s wires as from Cu(btac)[P(OEt), show more tendency to grow vertically

sacrificial templates also produced nanowires composed of dfains. comMpared to those from Cu(btac)[P(OMe)without noticeable
Herein, we report seedless growth of free-standing copper nanowiresdroWth in the lateral direction. As the precursor switches to Cu-
by chemical vapor deposition (CVD) at low temperatures. The (€tac)[P(OMejlz, the grain growth continues to give a distinctive
process requires neither catalysts nor templates to yield crystalline0lumnar structure as shown in Figure 1c. With this precursor, the

copper nanowires which are vertically aligned on the substrate grains grow not only vertically but also laterally. Panels d and e in
surfaces. Figure 1 show the top views of the films deposited from Cu(btac)-

Previously, we have reported Cu@@rt-butyl 3-oxobutanoate  [P(OEtkl2 and Cu(etac)[P(OMe]y, respectively, which indicate
complexes, (btac)CuL, where £ Lewis base, as precursors to the lateral growth of the grains in the film deposited from the latter

deposit copper metal by CVB.Among them, (btac)CuP(OMg) precursor. It is inte_resting to observe the columnar grain growth as
was especially attractive as a CVD precursor since it was isolated tN€_Precursor switched from Cu(btac)[P(OMeg)to Cu(btac)-

as a stable, volatile liquid and deposited highly pure copper thin [P(OEtk]z and both columnar and lateral growth as the precursor
films with smooth and dense surface morphology. In this study,
we prepared Cu(lert-butyl 3-oxobutanoate complexes containing
two phosphite ligands and deposited copper films using them as
precursors. The thermal stability of these Cu(l) complexes was
greatly enhanced as additional phosphite was coordinated to the
metal and as the btac ligand was replaced with an etac, where etac
= ethyl 3-oxobutanoate. Interestingly, the grain structures of the
deposited films were affected significantly by the thermal stability
of the Cu(l) complexes. In contrast to (btac)CuP(Od€u(btac)-
[P(OMe)], produced films of larger grains which were elongated
and exhibited columnar growth as the precursor stability increased.
Eventually, copper nanowires were produced when (etac)Cu-
[P(OEty], was used as the precursor.

The Cu(l) alkyl 3-oxobutanoate complexes, (btac)gwnd
(etac)Cul,, where L= P(OMe) and P(OEY, were prepared by
mixing 1 equiv CuCl with 2 equiv phosphite in THF followed by
the addition of 1 equiv Na(etac) in THE22The Cu(l) complexes
were isolated as volatile liquid3.The thermal stability of the Cu-

Figure 1. (a—c) Cross-sectional SEM images of copper films deposited
from Cu(btac)[P(OMe},, Cu(btac)[P(OE®)]2, and Cu(etac)[P(OMg], at
T Current address: Samsung Advanced Institute of Technology. 250°C. (d,e) Top views of the films shown in (b) and (c), respectively.
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the precursor stability is a crucial factor for the directional growth
of the grains. Further investigation is necessary to elucidate the
mechanism of the grain growth that specifically gives rise to the
driving force responsible for the evolution of nanowires from
columnar structure. In particular, the role of ligands needs to be
investigated in the CVD process of the present Cu(l) precursors
including adsorption, decomposition, and nuclei formation.

In summary, copper nanowires were grown by a CVD process
using Cu(etac)[P(OHE]), as a precursor. The precursor produced
free-standing copper nanowires on substrate surfaces at temperatures
below 300°C without recourse to templates or catalysts. The copper
nanowires exhibited high purity and crystallinity with [111]
orientation.
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