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Novel delta doping technology with two or more dopants in silicon
towards quantum information processing platform
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WIER R OMEEE (J530) : A new technology that forms a § layer with various elements dopants in the
silicon, by combining two methods to dope elements with usage of characteristic surface structures and to
move the doping atoms into substitutional sites to activate them by using a short laser annealing, was
advocated. It was demonstrated that by choosing the bismuth atomic nanolines on the Si(001) surface as
doping source, Bi atoms in the nanoline was partially changed into Er atoms, and both elements was
doped into a ¢ layer in silicon crystal. Hybrid laser annealing, i.e., a serial combination of laser exposure
and furnace annealing, is demonstrated to activate Bi donors that are J-doped in Si. The
photoluminescence reveals that the dense Bi atoms are activated so efficiently that an impurity band
develops upon rapid radiation heating of the focused area close to the melting point of Si. The
unintentional defects that are created thereby can be totally eliminated by subsequent furnace annealing at
390 °C. The unintentional defects were characterized to be the G-centers and they get a lot of attention
due to new photonic material for laser application. We propose a new method of creating G-centers in a
surface region with highly dense carbon atoms of up to 4 X 10" cm™, above the solubility limit of carbon

atoms in silicon crystal.
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