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In recent years, advanced packaging technology enabling heterogeneous integration
through 2.5D and 3D packaging, which is a new innovation in semiconductor integrated
circuits, has attracted great amount of attention. In this research, fundamentals in copper
electroplating with a plating solution mixing with supercritical CO2 (Sc-CO2) was studied for
processing of TSV (Through Silicon Via) having a fine opening and high aspect ratio for
future 2.5D and 3D packaging technology. In particular, a rotating-disk-electrode (RDE)
system capable to operate under high pressure environment was constructed. By the RDE
system, electrochemical measurements with the plating solution containing Sc-CO2 were
made possible for the first time, and from the measurement results, effects of Sc-CO2 mixing
on the electrical reactions were discussed.

The results revealed that the diffusion coefficient of copper ions increased by more
than three times after mixing Sc-CO:2 with the plating solution, which greatly enhanced the
supply of copper ions to the electrode surface. In addition, in the activation process of the
electrode surface reaction, Sc-CO:2 introduced to the plating solution adsorbed on the
electrode surface as well as PEG (Polyethylene Glycol), and these adsorptions caused a clear
suppressing effect on copper reduction.

As a result, the mixing of Sc-COz is expected to be effective in preventing depletion
of copper ions inside TSVs with a small opening and high aspect ratio, and suppressing the
occurrence of defects such as voids and seams in copper filled into the TSVs by suppressing
the copper deposition on the substrate surface and at the top surface of the TSV. At the same
time, a relatively higher copper deposition rate inside the via holes could be achieved. The
finding demonstrate Sc-CO2 mixed electroplating is a promising technology for copper

wiring of TSV with small hole-size and high aspect ratio.
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