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Downward scaling of nanowire FDSOI field-
effect transistors has opened a new era wheredgjrehs
in the channel can be counted one-by-one thankheto
Coulomb blockade effect [1] and ii) transport
spectroscopy through one [2] or two [3] shallogndrs
(phosphorus, arsenic) immersed in a small silicystal
is achievable [4].

We have fabricated a MOS-SET (MOS-Single
electron transistor) by a proper underlapped sedra
architecture where the access resistances to seunte
drain are comparable to the quantum of resistéaioeut
26kQ) [1]. By down scaling the MOS-SET to the limit
where the diameter of the channel C1@nm) s
comparable to the Fermi wave length of carriers we
obtained an artificial atom in silicon [5]. Coupl&4OS-
SETs can be obtained by the same technique [6] and
moreover a modulation from a MOS-SET to a MOS-FET
can be achieved by tuning the substrate bias [fis T
makes the MOS-SET a versatile single electron devic
fully compatible with the CMOS technology. This dmy
offers opportunities for very low-power applicatipn
electrometry and single electron transfer suchlectren
pumps for instance.

The MOS-SET -also in its artificial atom
version- relies on the potential defined by top-dow
lithographic techniques. It is also possible toldal a
bottom-up line of fabrication starting from the
microscopic confinement potential provided by real
shallow donors in silicon. This potential is verieep
close to the donor's atom core and less sensitive t
mesoscopic details and therefore to process vityabi
sources.

We have fabricated a single atom transistor
(SAT) using the same platform used for the MOS-SET
but with a proper overlapped source-drain architect
[2]. In this device it is difficult to obtain thexeitation
spectrum for the shallow arsenic donor and to test
particular if the energy separation between thenggoand
the first excited states of the donor is as lagexpected
for an isolated donor in a bulk silicon crystal.i§bBnergy
separation is a marker for the stiffness of thefioement
potential as well as an essential feature to maatipunon
degenerate isolated quantum state for quantum bit
purposes.

To perform this spectroscopy we fabricated a
coupled atom transistor (CAT) where two Phosphorus
donors are coupled in series in the channel and
individually controlled by two separate gates [Bking
the first donor ground state as an efficient epditter to
measure the spectrum of the second donor it isljeds
measure that the energy separation between then@rou
and first excited state —known as the valley-ospittting
— is about 10 meV in agreement with theoretical
simulations which include the actual geometry oé th
sample and screening effects. The large valleytorbi
splitting is barely diminished as compared to aue for
a phosphorus atom in bulk silicon (13.7meV). Thisams
that the wave function for electrons near the gartential
of the P atom is not dramatically affected by the
mesoscopic environment of the trigate MOSFET, an

essential result for building electronic functidtiab
based on shallow donors in silicon (“solotronidgt)).

To test the potentialities of our CAT we
performed Landau-Zener-Stiickelberg interferometry,
which consists in continuously sweeping one leviéhw
respect to the other in the GHz frequency rangeTBis
allows to estimate a charge relaxation time T2=98n
0.1 ns, a value comparable to other semiconduttame
gubits and much larger than the estimated operdéiios
for manipulating a single electron on the two daenor
Therefore a way is open to manipulate coherentleay
high frequency an electron between two shallow dano

We also realized the first electron pump based
on these donors in series [9]. While quantized pomfs
achieved in the low frequency adiabatic regime, we
observe remarkable features at higher frequenchenw
the charge transfer is limited by the differentrtelfing
rates. The transitions between quantum states are
modelled involving Landau-Zener transitions, allogi
reproducing in detail the characteristic signatures
observed in the non-adiabatic regime [9].
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