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The true potential of semiconductors, the basic material in transistors, has been
realized by adding dopants to tailor their electronic properties; this has conventionally
been achieved through a doping process. In the immediate future, scaled—down transistors
will contain only a small number of dopants in the channel. Future CMOS technologies will
require the placement of dopants in a predetermined location, namely, a single dopant
control. This paper proposes deterministic doping which enables us to place dopants in
predetermined locations to semiconductor materials as well as novel materials. Si
transistors with deterministically implanted donors were fabricated by the method and
their electrical transports were investigated. By placing donors in 1D/2D array, we
observed the improved transistor performances and the quantum transport characteristics
categorized into two regimes: single—electron tunneling through isolated states; Hubbard
band formation due to the inter—donor coupling. Ordered array of Si—Vacancy (SiV) centers
in diamond were formed by low energy ion implantation. Single photon emission from single
SiV centers was observed at room temperature. The result makes SiV centers interesting
as a single photon source in favorable quantum computing. Our deterministic doping method
is more effective and reliable for single—atom devices and paves the way towards single
atom nanoelectronics for extended CMOS applications.
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