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By using metal catalysts, Si is oxidatively etched at the Si/metal interface in HF solution. As a result, nanometer-sized pores
can be formed in Si using nanometer-sized metal particles (Pt, Au, Ag, etc.). This phenomenon was studied in detail with the aim
of developing new methods for machining Si devices and slicing Si ingots. The study consists of two parts. One is the formation
of micrometer-sized pores in Si wafers using Au particles as catalysts and H,0, as a chemical oxidant and filling the pores with
Cu to make vertical interconnects through the Si wafer. The other is an electrochemical grooving of Si using catalyst wire
electrodes, to which anodic potential is applied.

(1)  Formation of vertical pores in silicon by wet etching and Cu electrodeposition (Chapters 2 and 3)

To make pores in Si for interconnects, formation of pores with diameters of 5 - 20 um in Si was studied by wet etching using
Au particles as catalysts. Although it was difficult to make these pores using single Au particles with such large sizes, they were
successfully formed using aggregates of 1-um-sized Au particles. The aggregate structure was useful to enhance the diffusion of
etching solution to the Au/Si interface and to control the direction of the pores. The concentrations of HF and H,0O, in the etching
solution were also important to control the morphology of the pores. To make interconnects through a Si wafer, metal wires have
to be inserted through the pores, which is a laborious proc},ss. Because the pores formed by the wet process have Au particles at
the ends, the Au particles can be used as seeds for electrochemical deposition of Cu. By electroplating Cu from an aqueous
solution of CuSO,4 on the Si wafer, in which pores had been made using Au aggregates, Cu was selectively deposited on the
surface of the Au particles and Cu wires grew up toward the Si surface. The selective Cu deposition in the pores was achieved

because the exchange current density for Cu electrodeposition is much higher on Au/Cu than on Si.
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(2) Electrochemical grooving and slicing of Si wafers and blocks using catalytic wire electrodes in HF solution (Chapters 4-6)
An entirely new method for slicing Si was studied by using the mechanism of pore formation by metal catalysts. For this
purpose, catalytic wire electrodes, to which anodic potentials were applied, were used. In the experiments, two catalytic wires
(9=50 pm) were set on a Teflon holder and brought into contact with the Si sample. By applying 2 V vs Ag/AgCl to the catalytic
wires in a HF solution, grooves with about 53 um in width were formed in silicon. The width of the grooves was nearly the same
as the diameter of the Pt wires. Such a small kerf loss is advantageous to the process. Another advantage is that the process does
not cause mechanical damage to Si wafers. By this electrochemical method, a 700-pm-thick sliced wafer was fabricated from a Si

block. The pressure at the Si/Pt interface was critical to enhance the slicing speed.
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