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Abstract — Copper was plated on the tungsten substrate by use of a direct copper electroless plating. The optimum deposi-
tion conditions were found to be with a concentration of CuSO, 7.615 g/L, EDTA of 10.258 g/L, and glyoxylic acid of 7 g/L,
respectively. The solution temperature was maintained at 60°C. The pH was varied from 11.0 to 12.8. After the deposition, the
properties of the copper film were investigated with X-ray diffractometer (XRD), Field emission secondary electron micro-
scope (FESEM), Atomic force microscope (AFM), X-ray photoelectron spectroscope (XPS), and Rutherford backscattering
spectroscope (RBS). The best deposition condition was founded to be the solution pH of 11.8. In the case of 10 min deposition
at the pH of 11.8, the grain shape was spherical, Cu phase was pure without impurity peak (Cu,O peak), and the surface root
mean square roughness was about 11 nm. The thickness of the film turned out to be 140 nm after deposition for 12 min and the
deposition rate was found to be about 12 nm/min. Increase in pH induced a formation of Cu,O phase with a long rectangular
grain shape. The pH control seems to play an important role for the orientation of Cu in electroless deposition. The deposited
copper concentration was 99 atomic percent according to RBS. The resulting Cu/W film yielded a good adhesive strength,
because Cu/W alloy forms during electroless deposition.
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1. X-ray diffraction of the W substrate and the Cu film deposited by
electroless solution of pH 11.8, glyoxylic acid 7 g//, 60°C, 10 min.
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Fig. 2. Plane view FESEM images of the W substrate and the Cu
film deposited by electroless solution of pH 11.8, glyoxylic acid
7 g/l, 60°C, 10 min.
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Fig. 3. AFM images of the W substrate and the Cu film deposited by electroless solution of pH 11.8, glyoxylic acid 7 g/l, 60°C, 10 min.
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Fig. 4. XPS spectra of the W substrate and Cu film deposited by electroless solution of pH 11.8, glyoxylic acid 7 g//, 60 °C, 10 min.
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Fig. 5. Plane view and cross-section FESEM images of Cu films ver-
sus deposition time (fixed pH 11.8, glyoxylic acid 7 g/l, 60°C).
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Fig. 6. X-ray diffraction of Cu films versus solution of pH (fixed gly-
oxylic acid 7 g/, 60 °C, 10 min).
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