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Controlling the quantum ground state of a system is
essential for applications. The best-known example is
semiconductor technology, where the state (conductive
or not conductive) of a semiconductor is driven by the
so-called field-effect transistor (FET). In the FET, the
number of electric charge carriers is controlled by an
external voltage.

Some strongly correlated electron materials natu-
rally show a metal-to-insulator transition (MIT) [1, 2]. It is
thus highly desirable to control such a MIT in the same
way as is done for semiconductors. However, despite
intensive effort, FET control of the MIT in strongly cor-
related materials has so far been unsuccessful owing to
fundamental difficulties.

According to the Mott—Hubbard theory [3], a ground
state in strongly correlated materials is described by
the ratio of the Coulomb interaction (U) to the band-
width (W). When U < W, the material is metallic, but it
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Schematic illustration of MIT induced by the RT effect.

becomes insulating when U > W. Therefore, tuning the
U/W ratio by some external perturbation would enable
the MIT to be controlled, and so the practical realization
of this idea has been one of the central goals in modern
condensed matter physics.

Here, we propose a new approach for tuning the
U/W ratio, and thus controlling the MIT, using the
resonant-tunneling (RT) effect [4] in double quantum
well (QW) structures of strongly correlated oxides [5].
The concept is schematically illustrated in . The
double QW structure consists of two strongly corre-
lated oxide layers and a barrier layer (insulator). The
top QW is a “marginal” Mott insulator, i.e., a mate-
rial in the insulating Mott phase but in close proximity
(U slightly larger than W; U = W) to the metallic one,
while the bottom QW is a correlated metal. In the mar-
ginal Mott-insulating QW, the quantized electron states
are localized due to U = W, leading to a Mott-insulating
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Before switching on the RT effect. Owing to the marginal Mott-insulating

nature of top QW states, the strongly correlated electrons in the original top QW states become localized, resulting in a localized state (lower
Hubbard band) presented in blue. After switching on the RT effect. Owing to the hybridization between the top and bottom QW states,

bonding (red curve) and antibonding (yellow curve) states are formed.
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Visualization of the MIT induced by RT in double QW structures of strongly correlated oxides.

state, but the QW exhibits a transition to a metallic state
upon applying a small external stimulus. If the RT occurs
between the marginal Mott-insulating QW and metallic
QW states, the QW states that are energetically close to
each other are hybridized. As a result, the marginal Mott
insulator is expected to be metallized owing to U becom-
ing smaller than W.

To demonstrate the MIT driven by the RT effect, we
fabricated double QW structures where layers of the
strongly correlated conductive oxide SrVO, (SVO) sand-
wich a barrier layer of SrTiO;(STO), a band insulator. A
recent theoretical study predicted that the 2 ML of SVO
is at the verge of the Mott insulator, and it can easily be-
come a metal by applying a small perturbation [6].

Thus, as the top marginal Mott-insulating QW, we
used a 2-ML SVO layer. As a counterpart, we used a
6-ML SVO for the bottom metallic QW layer, so as to
induce the RT effect between two energetically close
QW states [7]. Based on the previously reported struc-
ture plot of quantization energies as a function of SVO
layer thickness, the first quantization level of the top
(2-ML SVO) QW states matches the second quantiza-
tion level of the bottom (6-ML SVO) QW [8]. Thereafter,
the (2-ML SVO)/(L-ML STO)/(6-ML SVO) double QW
structure is denoted as V,T,V,.

The transition from the marginal Mott-insulating QW
states to the metallic QW states induced by the RT ef-
fect was visualized by in situ angle-resolved photoemis-
sion spectroscopy (ARPES). As can be seen in ,
there are no discernible states near the Fermi level (E;)
in the ARPES images of the V,T,V; structure, reflecting
the Mott-insulating nature of the 2-ML SVO films. As the
STO barrier layer becomes thinner, a faint dispersive
feature emerges near E;. Eventually, a metallic band
whose dispersion crosses E: is clearly visible in the
V,T,Vg double QW structures.

The present study demonstrates that the MIT can be
controlled by the RT effect in double QW structures of
strongly correlated oxides. Our observations offer valu-
able insight into the quest for novel quantum phenom-
ena using oxide heterostructures since the U/W ratio
can be controlled by designing the wavefunction of their
strongly correlated electrons. The present demonstra-
tion also paves the way for creating Mott-transistor
operation based on the quantum RT effect between de-
signed wavefunctions of strongly correlated electrons.
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