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Abstract: We use a combination of density functional theory (DFT) and dynamical mean field
theory (DMFT) to unveil orbital field-induced electronic structure reconstruction of the atomic Sn
layer deposited onto a Si(111) surface (Sn/Si(111)−

√
3 ×

√
3R30◦), also referred to as α-Sn. Our

DFT + DMFT results indicate that α-Sn is an ideal testing ground to explore electric field-driven
orbital selectivity and Mott memory behavior, all arising from the close proximity of α-Sn to metal
insulator transitions. We discuss the relevance of orbital phase changes for α-Sn in the context of the
current–voltage (I − V) characteristic for future silicon-based metal semiconductor atomristors.

Keywords: Hubbard model; DFT + DMFT; metal–insulator transition; atomristor; current–voltage

1. Introduction

In recent years, significant progress has been achieved in discovering promising bulk
and low-dimensional material candidates for the advancement of computational speed and
efficiency in areas of big data analytics and artificial intelligence [1,2], neuromorphic com-
puting [3,4], and pattern recognition and adaptive circuitry [5]. Of note, neuron-inspired
computation is a paradigm that aims to mimic the biological brain for future hardware-
oriented computing [6,7] in an energy efficient manner [8]. Particularly, since traditional
CMOS circuitry made to implement neuromorphic computing faces challenges in power
consumption and scalability [9], both memristors [3,4] (resistors with memory) and atom-
ristors [10,11] (atomically thin or atomic sheet memristors) have been synthesized using
predominantly transition metal oxide materials [1,2,12,13]. Volatile memristors display
continuum current [14,15] values, with the monotonic hysteresis lobe area dependence on
external voltage. Most nonvolatile [1,2,10,16] memristive systems are characterized by a
discontinuos hysteresis loop in the current–voltage (I − V) characteristic and the shrink-
age of the pinched hysteresis loop to a single value at large voltages [15]. Interestingly,
these frequency-dependent responses have been studied and applied in the context of
memristors and atomristors in view of nonvolately encoding switches for logic computing
and data processing [11] as well as for communication platforms, including low-power
internet of things (IoT) and mobile systems [1,2,16].

Nonvolatile resistance switching has been observed in various multilayer
two-dimensional material morphologies, including pristine, reduced and functionalized
graphene oxide mixtures, partially degraded black phosphorus, functionalized MoS2,
and transitional metal dichalcogenide-based hybrids [17,18], as well as in multilayer
h-BN [19,20]. Importantly, in atomristors, the resistance can be modulated between a
high-resistance and a low-resistance state and subsequently retained in the absence of
a power supply [10]. However, it was believed that the nonvolatile resistive switching
phenomenon might not be accessible in single-layer atomic sheets [21] due to excessive
leakage current that prevents nanometre scaling in conventional oxide-based vertical metal–
insulator–metal [10] configurations. With this caveats, ref. [10] was able to overcome
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this fundamental limitation by using atomic sheets of transition metal dichalcogenides.
These, among other similar low-dimensional systems [1,2,22], are now collectively labeled
as atomristors, displaying memristive effects [23] in atomically thin nanomaterials or in
low-dimensional atomic sheets. Here, motivated by a tip-assisted phase switching in a
Sn double-layer structure grown on a Si(111) surface [22], we focus our attention on the
atomristor-like properties of α-Sn [24], i.e., a two-dimensional atomic Sn layer deposited
onto a Si(111) surface (Sn/Si(111) −

√
3×

√
3R30◦, see Figure 1), revealing that analog- and

weakly digital-like Mott memory can be induced by tunneling polarity [22] or atomic-scaled
orbital order [25] effects.

Figure 1. Top view of the atomic geometry of α-Sn, where the Sn atoms form a
√

3 ×
√

3R30◦

superstructure relative to the 1 × 1 periodicity of the Si(111) surface. For contrast, the Sn (Si) atoms
are drawn with dark/violet (bright/gold) circles.

Adsorption of group IV elements on semiconductor surfaces such as Si, Ge, or
SiC [26–31] often promote intriguing charge and spin phases at the two-dimensional
limit, including unconventional superconductivity [32,33], charge density waves [28,34–36],
and unusual magnetism [37,38]. The triangular adlayer, the adatom lattice of α-Sn, pro-
vides a rich playground for the investigation and realization of correlated many-body
physics [36,38–43], including the emergence of superconductivity (Tc = 4.7 ± 0.3 K) [32]
by employing heavily boron-doped Si substrates. A characteristic one-particle feature in
the electronic structure of α-Sn is the presence of a narrow band with a mostly Sn-5pz
orbital character, which crosses the Fermi energy (EF) and is well-separated from other
bonding and anti-bonding bands emerging at high energies [39,43]. Apart from the narrow
bandwidth, (W ≈ 0.45 ± 0.05 eV) [39,43] an additional interesting feature of the effective
surface band in the semiconducting gap of α-Sn is the existence of a van Hove singularity
located near 30 meV below EF, suggesting an extended van Hove singularity scenario in
α-Sn similar to that reported, for example, in doped graphene [44], bilayer cuprates [45], as
well as in moiré materials near the van Hove filling [46].

Scanning tunneling [22,31,33,47,48] and spectroscopy [38,49] studies show that
U-shaped gap features develop around EF at small nanodomains going over to a
V-shaped, pseudogap-like electronic state when the spectra are taken on different size
domains induced via the modulation doping scheme [31,32,41,48]. Interestingly, ref. [48]
revealed that a low-energy pseudogap feature that is rather stable against the application
of external magnetic fields but can progressively be depleted via thermal broadening with
increasing temperatures; the former implying that the pseudogap does not arise due to
proximity to superconductivity in optimally (≈10%) [41] hole-doped α-Sn. Moreover, in
non-optimally hole-doped samples, the tunnelling spectra display coexisting van Hove
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singularity and quasiparticle peaks below and above EF, respectively, as well as lower-
(LHB) and upper (UHB) Hubbard bands near ±0.5 eV [32,41,47]. Presently, the energy
position of the Hubbard bands found in scanning tunnelling data are consistent with the
shoulder features observed in photoemission (PES) [49] and angle-resolved inverse pho-
toemission (KRIPES) [50], testifying to the electronic state probed in different tunnelling
and spectroscopy experiments. However, a perusal of extant experimental data reveals
high-energy electronic excitations of up to ±1.6 eV [41] or more [49,50], which are located
far beyond the reconstructed spectra derived in theory studies [32,39–41,47] of pure and
doped α-Sn. Motivated be these findings, in a recent study [43] we explored the correlated
many-particle problem of α-Sn, showing a large transfer of spectral weight in the one-
particle spectral function of α-Sn, consistent with high-energy scanning tunneling [41,47]
and spectroscopy [49,50] data. Here, motivated by a recent study [22], we unveil the role
played by tunneling polarity to understand tip-assisted Mott memory phase switching in a
α-Sn atomristor.

However, before presenting the potential changes of the correlated many-particle
spectra of α-Sn due to electric field-induced orbital polatization [51,52] or orbital order
effects [25], in Figure 2, we display a theory–experiment comparison between the total
spectral function computed using the density functional and dynamical mean field theory
(DFT + DMFT) [53] in ref. [43] (employing U = 8.0 eV and JH = 0.4 eV for the on-site
Coulomb interaction and the Hund’s coupling, respectively), PES [49], KRIPES [50], and
scanning tunneling spectroscopy (STS) data [31], showing good qualitative agreement.
Particularly interesting is the peak–deep–hump pattern seen in PES and STS results below,
EF which almost coincide with the valence band DFT + DMFT spectral function. As seen, a
good semiquantitative agreement with the KRIPES experimental results is also obtained.
In particular, the conduction band electronic excitation at energies between 1.0 and 2.0 eV
is faithfully reproduced, as a detailed form of the lineshape. Finally, also interesting is the
U-shaped band gap seen in STS, which is well accounted for by the total 5p correlated
spectral function of α-Sn, providing additional support to the multi-orbital (MO) texture of
the two-dimensional Mott state of α-Sn and its analogs [22,31].
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Figure 2. Theory–experiment comparison between the total DFT + DMFT density of states (DOS)
of α-Sn and photoemission (PES) [49], angle-resolved inverse photoemission (KRIPES) [50], and
scanning tunneling spectroscopy (STS) [31] data, showing a qualitatively good agreement: The DFT +
DMFT spectral function was shifted downward by 0.08 eV to coincide with the STS curve at low
energies. A particularly interesting feature is the peak–deep–hump trend in PES at binding energies of
up to 1.2 eV, which is well accounted for by the total DFT + DMFT spectra obtained using U = 8.0 eV
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and JH = 0.4 eV in Ref. [43]. Notice as well the width and the shape of the Mott gap, which agrees
with STS spectra [22,31]. The total DFT DOS [43] is shown for comparison.

2. Theory and Results

In this study, we adopt a correlated, many-body perspective, incorporating significant
three-orbital interactions [43] in the Sn-5p shell of the α-Sn adatom adlayer. As has been
demonstrated in previous DFT + DMFT studies, electronic correlations give rise to a number
of intriguing physical effects when an external perturbation is introduced. The interaction
of orbitals with one another naturally induces changes in orbital polarization [54,55], which
in turn gives rise to a coexistence of orbital-selective metallic, insulating, and bad-metallic
states. The MO DFT + DMFT [53] method is employed to elucidate the role of orbital
polarization in the electronic structure reconstruction of stoichiometric (5p2) α-Sn, thereby
providing specific predictions for future investigations.

In a manner analogous to prior studies on MO p-band systems [56–58], the one-electron
Hamiltonian for α-Sn is defined within DFT by the diagonalized 5pa (a = x, y, z) orbitals,
wherein ϵa(k)represents the DFT band dispersion, which encodes for the details of the
one-electron band structure of α-Sn, whose bare values are derived from the DFT spectral
functions [43]. In our approach, the three 5pa orbitals of α-Sn serve as the one-particle
inputs for MO DFT + DMFT [53], resulting in a strongly reconstructed electronic state with
increasing MO Coulomb interactions, as previously demonstrated for α-Sn [43]. In light
of the significant electron correlation effects observed for α-Sn [26,40,43], it is imperative
to incorporate local many-particle interactions within the MO DFT + DMFT framework
to accurately describe the emergence of correlated spectral functions. These interactions
include the on-site U parameter and the inter-orbital Coulomb interaction, which is given
by U′ = U − 2JH .

In order to gain a deeper comprehension of the electric field-induced electronic struc-
ture reconstruction that is hidden in the MO problem of an α-Sn adlayer as a conse-
quence of orbital polarization [51,52] or tunneling polarity [22] effects, we consider the
orbital-dependent on-site energy term H̄ = ∆ ∑i(nizσ − nix,yσ) in the MO Hamiltonian
H0 + Hint of α-Sn [43]. This term acts in a manner analogous to a Zeeman field in the orbital
sector [59,60], intrinsically controlling the orbital occupancy [52]. In general, the orbital
field ∆ [61] describes the changes in orbital polarization [51] or the ferro-orbital ordered
(FOO) state within the px, py, and pz orbitals of α-Sn under the influence of an external
electric field.

The many-particle Green’s function of orbital a in the 5p MO problem of α-Sn is com-
puted using the T = 0 formulation of MO iterated-perturbation theory (MO-IPT) as an
impurity solver for DMFT [62]. This perturbative, many-particle method has a proven
track record of accurately describing unconventional electronic structure reconstructions
induced by dynamical quantum fluctuations in broad p-band systems [56–58]. The detailed
formulation of MO-IPT for correlated electrons at arbitrary fillings has already been de-
scribed [62] and used in the context of extended and MO Hubbard models; therefore, we do
not repeat the equations here. The MO-IPT method is computationally efficient, with real
frequency output at zero and finite temperatures, enabling the study of electronic structure
reconstructions of real materials. Furthermore, it provides results for the spectral functions
that are in good quantitative agreement with numerical exact continuous-time quantum
Monte Carlo (CT-QMC) calculations [63,64].

The electronic properties of correlated electronic materials can be modified by external
perturbations such as magnetic and electric fields, which can even induce phase transi-
tions [65]. For example, it is well established that the electronic and magnetic properties of
mixed-valence perovskite manganites [66,67] are significantly influenced by orbital degrees
of freedom [68,69]. The characteristics of the electronically active Mn 3d orbitals can be
modified by interface-driven effects resulting from the breaking of surface and interface
symmetry [70]. In systems with orbital-dependent degrees of freedom, a significant chal-
lenge is to achieve external and reversible control of the orbital polarization, known as
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“orbitronics”; a concept proposed to understand electric field-induced orbital currents in
p-doped silicon [71]. In light of prior studies that have demonstrated the ability to control
orbital occupancy [52] and polarization [51] using electric fields, we present a study of the
electronic structure reconstruction and orbital switching in an α-Sn atomristor induced by
the orbital field ∆ [59,60], which we believe to be the result of tunneling polarity effects [22].

The consideration of the orbital Zeeman field ∆ was partly inspired by a study demon-
strating the effects of tip-assisted phase switching and tunneling polarity on a Sn double
layer grown on a Si(111) surface [22]. Additionally, our approach is motivated by the
work of W. Wang et al. [72] on the photoresistive switching of a MoS2 memristor, which
demonstrated that the MoS2 memristor could be switched by an electric field in the dark or
under white light illumination through charge polarization or modulation of charge in an
electric field. Moreover, our proposal is also emboldened by a DFT-based study [51] that
quantified the electronic charge distribution under the influence of an electric field, utilizing
polarization effects on the p-orbitals of transition-metal chalcogenides such as Mo(Se,Te)2
and WSe2. Another pertinent study [52] reported the control of orbital occupancy and
switching of 3d orbital anisotropy in a Mn-based transition-metal oxide by an electric field.
In light of these preceding studies, we investigate the role played by orbital polarization in
the reconstruction of the electronic structure of the 5p Mott localized state of α-Sn. It should
be noted that the sign of ∆ has been chosen for our MO DFT + DMFT calculations in order
to reflect the experimental possibility of changing the sign of the electric field through bias
voltage, as well as to account for the inherent particle–hole asymmetry of the bare and
correlated spectral functions of α-Sn. The interplay between particle–hole asymmetry and
the sign of ∆ is evident in our DFT-DMFT results for the orbital-resolved spectral functions
of the α-Sn atomristor; see Figures 3 and 4.

-2 -1 0 1 2

ω (eV)

0.0

0.2

0.4

0.6

ρ
x

,y
(ω

)

∆=0.0 eV
∆=0.05 eV
∆=0.1 eV 
∆=0.2 eV

0.0

0.2

0.4

0.6

0.8

ρ
z(ω

)

-2 -1 0 1 2

ω (eV)

0.0

0.2

0.4

0.6

ρ
x

,y
(ω

)

∆=-0.0 eV
∆=-0.05 eV
∆=-0.1 eV
∆=-0.2 eV

0.0

0.2

0.4

0.6

0.8

ρ
z(ω

)

Figure 3. Local (pa–orbital) spectral functions of α-Sn obtained for fixed total band filling of n = 2.0,
U = 8.0 eV, JH = 0.4 eV [43], and different values of the on-site orbital Zeeman field [59,60] ∆. Notice
the sensitivity of the projected pz density of states (PDOS) to polarity and the robustness of the planar
x, y PDOS to weak orbital polarization effects.
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Figure 4. Energy dependence of the momentum–integrated spectral functions, showing the pa

electronic reconstruction of α-Sn when increasing the orbital Zeeman orbital field ∆. Notice the small
changes in the DFT + DMFT spectral function at negative ∆ values and the clearly visible electronic
renormalization with coexisting metallic and insulating states at positive ∆ conditions, which might
be the precursor of phase change driven by a biased STM tip being used as a gating electrode [22].

Figure 3 depicts the DFT + DMFT outcomes for fixed values of U = 8.0 eV and
JH = 0.4 eV in the 5p2 state, with a n = 2 total 5p-band filling of stoichiometric α-Sn [43].
These results are reconstructed by the application of the orbital Zeeman field ∆, where
∆ = 0.2 eV corresponds to a perpendicular electric field of 2.0 V/nm [73]. The left panels of
Figure 3 illustrate the impact of a Zeeman field applied along an axis perpendicular to the Sn
adlayer, which induces charge transfer between the 5p orbitals of α-Sn, thereby modifying
its orbital polarization. At positive ∆ values (as illustrated in the left panels of Figure 3),
this charge transfer results in a modification of the orbital occupancies, leading to a relative
lowering of the planar orbitals as electrons transfer from the out-of-plane orbital to the x
and y orbitals. Upon switching the tunneling conditions from positive to negative bias [31],
or vice versa, the opposite effect is observed in the right panels of Figure 3. A negative ∆
value increases the in-plane on-site orbital energies, thereby facilitating electron flow from
the x, y orbitals to the z orbital; a phenomenon that has been previously observed in other
studies [51].

Although the onset of orbital polarization is relatively minor in Figure 3, a clear
electronic reconstruction occurs in the pz orbital of α-Sn at negative ∆ values, as evidenced
by the upper-right panel of Figure 3. The sharp conduction band edge, which peaks at
0.57 eV at zero ∆, undergoes a dynamic shift towards lower energies in proximity to the
Fermi level (EF), exhibiting an increase in intensity upon enlarging the orbital Zeeman field
∆. The electronic structure reconstruction shown in Figure 3 provides the seeds for future
studies on tunneling polarity effects [22] or tip-assisted orbitronics [31] in α-Sn atomristors.

Figure 4 illustrates the evolution of the momentum-integrated spectral functions of
α-Sn as the orbital Zeeman field ∆ is further increased. While significant electronic re-
construction is evident at positive ∆ values, the out-of-plane and planar orbitals remain
relatively stable at large negative orbital Zeeman field values. This stability may be at-
tributed to the strong particle–hole asymmetry inherent to the α-Sn parent compound,
suggesting that opposite tunneling polarities could potentially induce markedly different
electronic structure reconstructions. However, as illustrated in the left panels of Figure 4,
all 5p orbitals of α-Sn undergo a discernible reshaping in the presence of positive ∆ values.
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The emergence of a pz Kondo-like quasiparticle resonance [74], which was obtained at
∆ = 0.2 V (see Figure 3), and its narrowing before reaching Mott localization at ∆ = 0.5 eV,
are noteworthy. An additional noteworthy aspect of the upper-left panel of Figure 4 is
that the incorporation of strong dynamical correlations within DFT + DMFT partially
restores the van Hove singularities in the bare DFT DOS [43], shifting them to energies
slightly above the Fermi level (EF) as the system goes towards an insulating state. More-
over, the in-plane electronic reconstruction demonstrates the persistence of Mott insulating
states [75] , namely Mott localized states with varying degrees of Mott localization or
Mott–Hubbard one-particle gap features across all ∆ values considered in Figure 4. In
summary, the results presented in Figures 3 and 4 may be pertinent to understanding
or predicting tip-assisted [31] electronic reconstruction and orbital switching in α-Sn and
similar materials [76]. This is due to the potential for orbital-selective metal–insulator
transitions to occur as a result of the interplay between hidden particle–hole asymmetry,
orbital and spin texture [77], and tunneling polarity effects.

To provide further insights into the changes in orbital polarization, Figure 5 shows
the orbital occupation na, calculated using the orbital-resolved spectral functions of the
MO Hubbard model for α-Sn. This figure illustrates the occurrence of notable changes in
orbital polarization as a function of the orbital field ∆. These responses are characteristic of
strongly correlated systems, wherein modifications in orbital occupations are associated
with dynamic fluctuations in the reconstructed electronic state. It is noteworthy that the
orbital polarization decreases with increasing ∆ values up to −0.05 eV, which gives rise to
changes in the correlated spectral functions, as illustrated in Figures 3 and 4. Up to this
value of ∆, the results presented in Figure 5 indicate a continuous reduction in FOO due to
U′–induced strong inter-orbital proximity effects, with a continuous shift in spectral weight
from the z to the x, y orbital sector. Furthermore, based on the results for ∆ > 0.2 eV in
Figure 5,we demonstrate additional orbital polarization effects. This observation, which
is common to MO systems, reflects the correlation-induced rearrangement of orbitals and
governs changes in the correlated electronic spectra. Due to the particle–hole asymmetry
and anisotropic DFT one-particle energies and hoppings, MO correlations lead to the
renormalization of the 5p orbitals of α-Sn in distinct ways, resulting in intrinsic orbital
selectivity. Within the framework of DFT + DMFT, this orbital-selective mechanism is
characterized by two distinct types of renormalization: static (MO Hartree) renormalization,
which shifts the 5p bands in relation to one another based on their intrinsic on-site orbital
energies and occupations; and the dynamic effects associated with the on-site Coulomb
interactions U and U′, which drive significant spectral weight transfer over a wide energy
range. These findings indicate that in correlated electron systems, minor changes in the
orbital field can induce considerable spectral weight transfer, thereby creating orbital-
selective renormalizations of the orbital o ccupancies and one-particle spectral functions.

In order to shine light onto the interplay between orbital-selective, correlated elec-
tron physics and orbital Zeeman field effects on the changes in the I − V characteristics
of the α-Sn atomristor, in Figures 6 and 7, we present our results computed using the
DFT + DMFT spectral functions for the different ∆ values considered in Figures 3 and 4,
respectively. We shall point out here that within the wide band limit of the left (L) and
right (R) electrodes, the current formula for a tunnelling experiment can be written as
I = 2e

h̄ ∑aσ

∫
dω Γ̃(ω){ fL(ω)− fR(ω)}ρaσ(ω) [78,79], where Γ̃(ω) = ΓL(ω)ΓR(ω)/Γ(ω),

with Γα(ω) = π ∑k |tα
k |

2 δ(ω − εkα) being the coupling strength between electrode α and
the central region [80,81], and Γ(ω) = ΓL(ω) + ΓR(ω). fα(ω) = 1/(eβ(ω−µα) + 1) and
ρaσ(ω) = − 1

π Im Gaσ(ω) are the Fermi function of the electrode α and the local DOS of
the pa-orbital with spin-σ of the α-Sn adatom adlayer, respectively. For simplicity, we
assume a symmetric voltage drop, µL = −µR = eV, and the wide-band limit with constant
DOS for the leads. Without loss of generality, these assumptions allow for a macroscopic
rationalization of the orbital-resolved I − V characteristics of α-Sn atomristor.
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Figure 5. Illustration of the spin–resolved 5p orbital occupancies as a function of the orbital field
∆, indicating the reduction in the orbital polarization with increasing ∆ values up to 0.1 eV and its
suppression at ∆ = 0.43 eV.
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Figure 6. Evolution of the I − V curves of the α-Sn atomristor device with increasing ∆ values.
Although volatile memory [15] is visible within the planar (x, y) orbitals at positive ∆ values in the
lower-left panel, an interesting feature to be seen is the nearly suppressed volatile voltage dependence
in all other cases, indicating that the α-Sn atomristor exhibits orbital-selective Mott memory.

In Figures 6 and 7, we show the current–voltage (I − V) characteristic curves obtained
using the orbital-resolved DFT + DMFT spectral functions shown in Figures 3 and 4, re-
spectively. As seen, with an external voltage applied across the atomristor, the resistance
steady-state value changes upon changing the orbital Zeeman field ∆, indicating that the
α-Sn atomristor exhibits memory. In spite of a clear orbital selectivity, in most cases, we find
short-term memory to be a fingerprint of volatile memristive devices [82]. Thus, due to the
selective orbital polarization process, α-Sn is predicted to exhibit an analog continuum of
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resistive states owing to the changes induced in the electronic structure reconstruction, thus
proving an analog memristive functionality in most of the cases shown in Figures 6 and 7.
According to our results, only the pz curves obtained at weakly negative ∆ values (Figure 3
upper-right panel) displayed the nonvolatile-like memristive switching characteristics of
neuromorphic nanoelectronic materials [15]. Particularly interesting in this case is the
hysteresis loop present in the combined I − V curves, with a clear hysteresis lobe area for
applied voltages below 1.0 V. As seen in this figure, the I − V characteristic curves exhibit
minimal memristive behavior, which transitions to memristive switching, where the resis-
tance steady-state value exhibts an ON/OFF ratio of 20%, assisted by orbital polarization
effects. This behavior indicates that the monolayer α-Sn atomristor exhibits pz resistive
memory with a bipolar low-resistance state (LRS) and high-resistance state (HRS), as seen
in experiments on the MoS2 atomristor [16,83]. According to our DFT + DMFT results, this
intrinsic bipolar switching is due to the selective orbital reconstruction, thus proving an
atomristive functionality for future memory-based, brain-inspired neuromorphic comput-
ing. Although our results in Figures 6 and 7 do not show abrupt changes in the I − V loops,
they do indicate, however, that the sweep cycle of nonvolatile Mott memristors [4,84] might
emerge upon tunable external perturbations.
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Figure 7. Evolution of the normalized-to-unit current–voltage (I − V) characteristics for different
values of the orbital Zeeman field ∆ and fixed total band filling n = 2 of the 5p shell within the voltage
window for the selectivity and threshold switching [22] needed for future α-Sn Mott atomristors.

3. Conclusions

To summarize, we have employed DFT + DMFT calculations to explore the effects of
an orbital Zeeman field ∆ in the three-orbital Hubbard model of the Sn adatom adlayer on
a Si(111) surface (α-Sn). In our single-site DFT + DMFT framework, we use a Coulomb in-
teraction parameter [43] that is capable of describing the electronic structure reconstruction
seen in extant experimental data [22,31,49,50]. As we observed, this emerges due to the
subtle balance between the local electron–electron interactions treated on the DMFT level
and the one-particle bandwidth, which drives large-energy dynamical transfer of spectral
weight. Based on our DFT + DMFT calculations, we present evidence of a correlation
between induced orbital selectivity and electronic phase switching [22] in a single adatom
adlayer, which is relevant to Mott memory for future neuromorphic devices using Si(111)
surfaces [85]. Our current–voltage (I −V) results at a finite ∆ value suggest that α-Sn can be
tuned into an electronic state with coexisting volatile and nonvolatile memrestive responses.
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This prediction could be tested in tip-assisted morphologic studies [31] of α-Sn, which is
relevant for future Mottronic devices exploiting the Mott metal–insulator transition [86].
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