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ABSTRACT: Strongly interacting electrons in hexagonal and kagome
lattices exhibit rich phase diagrams of exotic quantum states, including
superconductivity and correlated topological orders. However, material
realizations of these electronic states have been scarce in nature or by
design. Here, we theoretically propose an approach to realize artificial
lattices by metal adsorption on a 2D Mott insulator 1T-TaS2. Alkali,
alkaline-earth, and group 13 metal atoms are deposited in (√3 × √3)
R30° and 2 × 2 TaS2 superstructures of honeycomb- and kagome-lattice
symmetries exhibiting Dirac and kagome bands, respectively. The strong
electron correlation of 1T-TaS2 drives the honeycomb and kagome
systems into correlated topological phases described by Kane-Mele-
Hubbard and kagome-Hubbard models. We further show that the 2/3 or 3/4 band filling of Mott Dirac and flat bands can be
achieved with a proper concentration of Mg adsorbates. Our proposal may be readily implemented in experiments, offering an
attractive condensed-matter platform to exploit the interplay of correlated topological order and superconductivity.
KEYWORDS: flat band, 1T tantalum disulfide, chemical decoration, artificial lattice

Artificial two-dimensional (2D) lattice systems have been a
field of research for the last two decades because they not

only reveal the rich fundamental physics of 2D systems but
also promise applications in novel quantum devices.1

Interesting examples include the nanopatterned semiconductor
2D electron gas,2−6 trapped cold atoms in optical lattices,7−9

and confined photonic crystals,10−12 to name just a few. In
particular, artificial 2D quantum materials with topological
bands originating from the honeycomb lattice symmetry have
been successfully realized by the manipulation of CO
molecules on a metallic surface2 (molecular graphene of
Dirac bands) and self-assembled deposition of Bi atoms
deposited on a patterned semiconductor surface13−16 (bismu-
thene, atomic graphene with large spin−orbit coupling to open
a gap at the Dirac point). These systems exhibit “man-made”
Dirac Fermions and large-gap topological insulating states,
respectively.
While the above examples deal primarily with single-particle

physics, novel artificial 2D electronic lattices may be realized
with an inherently strong electron correlation. Namely, one
may start with a correlated electronic system of a narrow
bandwidth (“flat bands” with ∼k0 dispersion)17 and strong on-
site Coulomb interaction as a platform to build an artificial
lattice. If successful, this approach would offer a chance to
engineer and explore novel topological states within the
context of many-body physics. In this context, we note the
superstructure of potassium adatoms on the triangular lattice
of 2D Mott insulator 1T-TaS2, which was reported to induce
effectively an artificial honeycomb lattice Mott insulator.17

This type of system has significant merit in creating novel

electronic systems with strong interactions. First, it is a 2D
solid-state Mott lattice, where strong electron−electron
interaction is inherently present,18−23 so that various exotic
quantum phases, such as nontrivial topological states,17,24−26

quantum spin liquids,27 unconventional superconductivity,28,29

and fractional excitations,30 can be accessed. Second, as a
surface- and thin-film-based system, the correlated electronic
states can be directly probed by surface techniques, such as
scanning tunneling microscopy. Third, it may offer controll-
ability over correlated Fermions via the adsorption of different
elements on its surface.17,31−33

In the present work, we exploit such merits of adsorbate
superstructures on the 1T-TaS2 Mott insulator using density
functional theory (DFT) calculations. We investigate different
superstructures of alkali, alkaline-earth, and group 13 metal
adatoms on single layer 1T-TaS2 and propose a practical
scheme to fabricate tunable artificial hexagonal and kagome
lattices of Mott insulators. Dirac and kagome bands with
extremely narrow band widths can be created by metal
adatoms in (√3 × √3)R30° and 2 × 2 superstructures on a
single layer of 1T-TaS2, respectively. The alkali and group 13
elements, transferring one electron to the adsorption site, form
hexagonal or kagome bands with a Mott gap; while the
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alkaline-earth elements, donating two electrons to the TaS2
layer, induce 2/3- or 3/4-filled Mott phases. These results
demonstrate the possibility of fabricating topological lattices of
specific correlated electronic systems and manipulating them
via selective atomic adsorption.

■ ENGINEERED 2D MOTT HEXAGONAL- AND
KAGOME-LATTICE BANDS

We begin with a simple triangular lattice of a single-orbital
basis with a nearest-neighbor hopping integral t to describe the
band structure in 1T-TaS2 in its well-established charge density
wave (CDW) state.17,34 In this minimal model, the tight-
binding (TB) Hamiltonian is written as

H t c c H.c. c c( )
i j

i j
i

i i
,

= +† †

(1)

where ci† and cj are the electron creation and annihilation
operators at sites i and j, respectively. The second term
represents the on-site energy shift δμ due to the potential
variation of the adatom at adsorbed site i. In the case of a half-
filled system in 1T-TaS2, the on-site energy of the flat band can
be easily changed by the direct electron transfer from
adatoms.17,32 There are two key points of interest to be
noted. First, the parent triangular lattice of the CDW state [the
star of David (DS) distortion] of 1T-TaS2 can be effectively
patterned by altering the on-site potentials (δμ) and be turned
into hexagonal (Figure 1a) and kagome (Figure 1b) super-
lattice hosting Dirac (Figure 1c, right panel) and kagome
bands (Figure 1d, right panel), respectively. Second, because of
minimal hopping (t ≪1), the bands have a very narrow width
(≤0.02 eV), which we refer to as “flat bands”. They should be
distinguished from the single flat band arising from a kagome
lattice due to destructive interference, which is inherently flat
independent of the magnitude of hopping parameter t.35

However, in terms of highly quenched electron kinetic energy
and hence significantly enhanced electron−electron interac-
tion, which is of our interest here, the effect of flatness is
similar.
Specifically, as shown in Figures 1a and 1b, one converts the

triangular lattice into a hexagonal (or kagome) lattice by
shifting the on-site energy of one DS among the three (or four)
DSs in the supercell. The resulting bands are shown in Figures
1c and 1d. When the on-site energy perturbation is turned off,
the narrow parabolic bands are simply folded into the Brillouin
zone of the given supercell, as shown in the left panels of
Figures 1c and 1d. With the periodic on-site perturbation in a
(√3 × √3)R30° supercell, the Dirac state at the K point
emerges, resembling that of graphene (Figure 1c); while the
kagome lattice can be realized by introducing the on-site
potential at one lattice site within a 2 × 2 supercell of the
triangular lattice, as evidenced by the typical kagome bands35

shown in Figure 1d resulting from the remaining unperturbed
three sites. All three bands have a very narrow width since the
hopping to neighboring sites is limited, which are considered
generally as flat bands here, although the top band would be
inherently flat even with a large t. As a result of their flatness, a
moderate electron correlation U will induce a Mott gap, and
the newly engineered flat Dirac and kagome bands will become
Mott states.

■ REALISTIC MATERIAL SYSTEM: METAL ADATOMS
ON TAS2 CDW

The theoretical model of a correlated topological lattice we
proposed above can be readily realized in a real material
platform based on an approach of patterning the localized
Mott electrons on the TaS2 surface. First, we have theoretically
investigated the adsorption properties of alkali (Li, Na, K, and
Rb), alkaline-earth (Mg, Ca, and Sr), and group 13 (Al, Ga, In,
and Tl) metal adatoms on 1T-TaS2. For the computational
details,36−41 see the Supporting Information. As described in
the TB model, the metal adatoms act as a local perturbation to
tune the on-site potential, so as to turn the parent triangle
lattice into a hexagonal or kagome superlattice, and hence the
band structure, while at the same time donating electrons to
shift the Fermi level. Figures 2a and 2b show the (√3 × √3)
R30° and 2 × 2 supercells corresponding to a hexagonal and
kagome lattice symmetry, respectively. The metal adatom is
adsorbed within one of three (or four) DSs in the supercell. To
find the most stable adsorption site for the metal adatom, we
have evaluated the binding energies for seven candidate hollow
sites shown in Figure 2c. We define the binding energy (Eb) as

E E E Eb M/TaS TaS M2 2
= (2)

Figure 1. An effective model of engineered 2D flat bands. Schematics
illustrating an engineered (a) hexagonal lattice and (b) kagome lattice
from a trigonal lattice with a very small hopping integral (t ≪ 1).
Each circle indicates a CDW cluster, such as the star of David in 1T-
TaS2. Atomically perturbed sites (on-site potential shifted by −δμ)
and unperturbed sites are represented by gray and red colors,
respectively. (c) Band structure in a (√3 × √3)R30° supercell
without and with on-site energy perturbation δμ, respectively. The TB
hopping parameters used are t = 0.002 eV and δμ = 0.01 eV. (d) Band
structure in a 2 × 2 supercell without and with on-site energy
perturbation δμ, respectively. The TB parameters used are the same as
in (c). The states contributed from perturbed (unperturbed) sites are
indicated by gray (red) color.
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where EM/TaSd2
is the total energy of the metal adatom on TaS2,

ETaSd2
is the total energy of TaS2 without the metal adatom, and

EM is the total energy of an isolated metal atom. The relative
binding energies for all sites are plotted in Figure 2d in
reference to the energy of the most stable site. For alkali and
group 13 metals, the most stable site is the center of the DS,
labeled as 0, while the off-center site, labeled as 3, is favored by
alkaline-earth metals except Mg. Only the 0- or 3-sites are
found stable for the adatoms from our calculations. The energy
difference between different sites and the height of the adatom
(h) both decrease with the adatom size in the same group. The
height of the adatom is defined as the difference in the z
coordinate of the adatom and the average of the z coordinates
of the top S atoms in the TaS2 layer (Table 1). For the
adatoms we choose, the relatively high ratios of adsorption
energy to bulk cohesive energy suggest that they prefer to form
2D layers on the TaS2 surface, as opposed to 3D clusters, in

agreement with experiments.17,32 One notes that some defects
or charge doping can cause the collapse of the CDW order of
1T-TaS2 bulk,

42−45 but differently, our approach is based on an
ordered superstructure of metals on the surface. Also, the
bonding character of metal adsorption is ionic, the structural
distortion of DS induced by adatoms is insignificant, and the
overall DS structure is maintained (Figure S1).
In order to reveal the electronic interaction between

adatoms and the substrate, we estimate the charge state of
adatoms using the Bader charge analysis.46 We found that 0.6−
1.0 electrons are transferred from alkali and group 13 metals to
the TaS2 surface. That means their charge states correspond to
+1. On the other hand, alkaline-earth metals donate 1.3−1.5
electrons to the TaS2 surface, which is considered as a +2
charge state. This difference is easily expected and has a
profound effect on the band structures, which will be discussed
below. On the other hand, while the group 13 metals tend to
fall into the +3 oxidation state in bulk compounds, the +1
charge state is favored in the present system. The valence p
states of Al, Ga, and In adatoms are positioned above the
Fermi level, while the valence s state is fully occupied. That is, a
group 13 adatom behaves chemically like an alkali adatom with
only one of its p electrons transferred to the surface. Similar
behavior was observed on graphene.47

■ HALF-FILLED MOTT INSULATOR: NA DECORATED
TAS2 SYSTEM

With the adsorption behavior of individual adatoms established
above, we first focus on the electronic band structures of
hexagonal and kagome lattices formed by Na adatom, as a
representative case of the adatom doping one electron to the
TaS2 (See Figures S2 and S3 for results of other adatoms.).
Figures 3a−3d show the band structures and the charge
density distributions of Hubbard bands for 1T-TaS2 with Na
adatoms in a (√3 × √3)R30° superstructure. The pristine
CDW phase of 1T-TaS2 generates one narrow half-filled band
with an unpaired 5d Ta electron in each unit cell.20 Therefore,
there are three narrow bands involved in the (√3 × √3)R30°
hexagonal superlattice, one of which is fully occupied by one

Figure 2. Metal adatoms on 1T-TaS2 CDW. Adatom at the DS center site in periodic (a) (√3 × √3)R30° and (b) 2 × 2 arrangements on a 1T-
TaS2 CDW monolayer, respectively. The metal adsorbed (bare) DS site is indicated by gray (red) circles. (c) The seven adsorption sites are
considered. Only the first two layers of TaS2 are plotted for clarity. (d) The relative adsorption energies (ΔE) are in reference to that of the lowest-
energy site for alkali metal (Li, Na, K, and Rb), alkaline-earth metal (Mg, Ca, and Sr), and group 13 metal (Al, Ga, In, and Tl) elements.

Table 1. Metal Adsorption Properties of 1T-TaS2
a

atom site Eb (eV) Ec (eV) |Eb|/Ec h (Å) Δe
Li 0 −3.07 1.63 1.88 1.66 0.86
Na 0 −2.49 1.113 2.24 2.23 0.85
K 0 −2.79 0.934 2.99 2.76 0.88
Rb 0 −2.81 0.852 3.30 2.95 0.89
Mg 0 −1.61 1.51 1.07 1.78 1.33
Ca 3 −3.51 1.84 1.91 2.06 1.46
Sr 3 −3.43 1.72 2.00 2.29 1.52
Al 0 −2.84 3.39 0.84 1.95 0.98
Ga 0 −2.63 2.81 0.93 2.14 0.61
In 0 −2.49 2.52 0.99 2.44 0.65
Tl 0 −2.51 1.88 1.34 2.61 0.76

aAdsorption energies and adsorption structural properties for the
favorable sites for the 11 adatoms are considered in this work. These
include the binding energy (Eb), adatom height (h), and transferred
charge from adatom using Bader charge analysis (Δe). For reference,
we include the experimental cohesive energy per atom of the bulk
metal (Ec) from ref 48 and the ratio of the adsorption energy to the
bulk cohesive energy (|Eb|/Ec).
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electron donated by Na. This band moves below the Fermi
level by 0.17 eV (see the gray band in Figure 3a), leaving
behind two bands at the Fermi level (marked with a red color
in Figure 3a). These two bands form a Dirac band with a small
bandwidth due to the hexagonal symmetry imposed. The fully
occupied band moves farther down from the Fermi level
without hybridizing with the Dirac bands, when the adatom
potential is stronger going from Rb to Li. The narrow Dirac
bands are still half-filled with its linear crossing at the K point
(Figures 3a and 3c), consistent with the result of our TB
model (Figure 1c). The bandwidth is only about ∼20 meV due
to the localized character of the partially filled Ta dz2 orbitals at
the center of a DS and the huge size of the supercell. The
direct hopping between these d orbitals in the hexagonal lattice
is significantly limited, and the major hopping paths are
achieved via p orbitals of S atoms.
It has been well established that the 5dz2 electron in the

CDW unit cell of 1T-TaS2 has a substantial on-site Coulomb
interaction on the order of 1−2 eV to bring this CDW phase
into a Mott insulating state. In order to describe the
experimental Mott gap (≈250 meV),17,23 we have chosen an
effective Habbard U for Ta 5d is 1 eV in the DFT+U
calculation.38 Similar to the case of the pristine triangular
lattice, two sets of narrow bands, corresponding to the upper
and lower Hubbard bands (UHB and LHB), are then
produced with a Mott gap ΔMott ∼ 0.23 eV, as shown in
Figure 3b. Note, however, that both UHB and LHB bands
have Dirac crossings (Figure S4a). The spatial charge
distributions of Hubbard bands in the honeycomb lattice
(Figure 3d) show that the electrons from the bare DSs are
almost intact with their partially filled band localized at the
center of DS.
Similarly, a kagome lattice can be produced by forming a 2 ×

2 superlattice with periodically adsorbed Na adatoms with
lower coverage. Figures 3e and 3f show the band structures and
charge density distributions in the kagome superlattice. There
are three extremely narrow bands originating from three bare

DSs at the Fermi level and one fully occupied band from the
Na-adsorbed DS around −0.17 eV (Figures 3e and 3g). The
three upper bands compose a set of “kagome bands”, where
two Dirac bands have a Dirac point at K and have a quadratic
touching at Γ with an inherently flat band. Since the bandwidth
in the CDW TaS2 is already quite small, ∼20 meV, all the
kagome bands are within this energy scale. When the effective
U is included, the kagome bands are split into two sets with a
Mott gap of ∼0.23 eV. The 2D mapping of electron charge
densities sampled in the energy range of the kagome bands is
displayed in Figure 3h. It is clear that the kagome pattern of
local charge density exists as expected.
We further investigate the topology of these flat bands in

both superlattices. The Kane-Mele model for a hexagonal
lattice49 or a kagome lattice model50 yields a quantum spin
Hall phase with gapless helical edge states when the spin−orbit
coupling (SOC) is turned on. Considering SOC in the
paramagnetic DFT calculation, one can see a tiny SOC gap at
the K point for Dirac and kagome bands. The SOC gap at the
K point is on the order of ∼0.1 meV. The topological invariant
Z2 number has been calculated by checking the Wannier
charge center evolution of occupied bands (Figure S5), which
clearly indicates an odd number of crossings via the pumping
parameter, a hallmark of nontrivial topology of Z2 = 1. The
nontrivial order can also be manifested by the presence of
helical edge states (Figure 4). Although there is no global gap
due to the characteristics of the present narrow bands, the 1D
helical Dirac states of the zigzag edge can be confirmed at a
specific k point, Γ or X point, for hexagonal or Kagome
superlattices, respectively, as shown in the figure. Interestingly,
in the case of the kagome lattice, two Dirac states appear
because the topological gap exists both at the Dirac point and
the parabolic touching point at Γ, respectively.51 It is worth
noting that increasing U does not break any symmetry as the
system remains in the paramagnetic state. These results
represent the correlated topological lattices can be described
by a Kane-Mele Hubbard52 or kagome-Hubbard model53−55

Figure 3. Half-filled Mott Dirac and kagome bands. Calculated band structure of a TaS2 monolayer with Na adatoms in a (√3 × √3)R30°
superlattice with (a) a paramagnetic constraint and (b) the on-site Coulomb repulsion U = 1 eV, respectively. (c) Enlargement of the band
structure near the Fermi level in (a). (d) Spatial distribution of the metallic Dirac bands [marked with red in (c)] and fully occupied flat band at
∼−0.17 eV [marked with gray in (c)]. Calculated band structure of a TaS2 monolayer with Na adatoms in a 2 × 2 superlattice with (e) a
paramagnetic constraint and (f) the on-site Coulomb repulsion U = 1 eV, respectively. (g) Enlargement of the band structure near the Fermi level
in (e). (h) Spatial distribution of the metallic kagome bands [marked with red in (g)] and a fully occupied flat band at ∼−0.17 eV [marked with
gray in (g)].
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(Figure S6). We note that the possible magnetic orderings in a
honeycomb or kagome lattice are missing in the present work
due to the extremely low magnetic ordering temperature
[∼O(mK)].17 Using a simple analogy, the system may become
a Chern insulator for 1/4 and 3/4 fillings in a ferromagnetic
ordering and a trivial one in an antiferromagnetic case (Figure
S4). In addition, the Mott insulating nature of the present
system is more clearly reproduced by DMFT calculation
(Figure S7).

■ 2/3- OR 3/4-FILLED MOTT INSULATOR: MG
DECORATED TAS2 SYSTEM

As mentioned above, the charge state of the alkaline-earth
metal on TaS2 is +2, so two electrons from the alkaline-earth
metal are transferred to the TaS2 surface. However, as shown
in the Na case, the maximum number of electrons that can be
received per adsorbed DS is one. Therefore, an extra electron
from the alkaline-earth metal must be transferred to another
nearby DS without the adsorbed metal atom. This offers an
opportunity to tune and control the filling of flat Dirac and
kagome bands. On the other hand, from the adsorption
energies and geometries, except for Mg, the alkaline-earth
metals prefer the off-center site. This adsorption geometry
breaks the symmetry of overall DSs in hexagonal or kagome
lattices. Consequently, one may expect quite different features
of the flat bands, generated by Ca and Sr adatoms, from what
was predicted by the TB model. Therefore, below we will focus
only on the band structures of hexagonal and kagome lattices
with adsorption of the Mg adatom sitting in the highly
symmetric site (center of the DS).
Figures 5a-5c show the calculated band structures of the

hexagonal lattice with Mg adatoms in a √3 × √3
superstructure. As expected and as in the case of alkali metal
adsorption, one electron from Mg fully occupies the narrow
band at the adsorbed site, which is moved down to ∼−0.5 eV
below the bulk valence band (not shown in Figure 5a). The
remaining electron is shared by two bare DS sites within a √3
× √3 supercell. The charge density difference induced by the
adsorption (Δρ = ρ(Mg/TaS2) − ρ(TaS2) − ρ(Mg)) shows this
clearly (Figure 5d). The two 3s valence electrons of Mg
adatom are almost completely transferred to the substrate with
one electron localized highly within a single DS and the other
distributed equally in the adjacent two DSs constituting the
hexagonal lattice. Consequently, the Dirac bands originating
from these bare DS sites deviate from a half filling to an overall
3/4 filling (Figure 5c). In addition, we find that the local
interaction of a Mg adatom with the TaS2 surface is stronger

Figure 4. Helical edge states in Na-adsorbed 1T-TaS2 in the
paramagnetic phase. (a) Calculated edge states of √3 × √3 Na-
patterned TaS2 with a zigzag boundary. (b) Enlarged image of the
area indicated by a dashed square in (a). (c) Calculated edge state of
2 × 2 Na-patterned TaS2 with a zigzag boundary. (d) Enlarged image
of the area indicated by a dashed square in (c).

Figure 5. Fractional band filling of Mott Dirac and kagome bands. Calculated band structure of a TaS2 monolayer with Mg adatoms in a (√3 ×
√3)R30° superlattice with (a) a paramagnetic constraint and (b) the on-site Coulomb repulsion U = 1 eV, respectively. (c) Enlarged view of band
structure without and with SOC near the Fermi level in (a). (d) Charge transfer from Mg adatoms. Red and blue colors represent accumulation
and depletion of electron density, respectively. The plotted iso-level is ±3 × 10−4 e/Å3. (e)-(h) Same as (a)-(d) for the 2 × 2 TaS2 superlattice.
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than the alkali adatoms, which breaks the AB sublattice
symmetry of the hexagonal lattice (Figure S1). As a result, a
finite trivial gap of ∼4 meV appears at the K point in the Dirac
band due to inversion asymmetry irrespective of SOC (Figure
5c). Including the effective on-site Coulomb energy U = 1 eV
opens a Mott gap of ∼180 meV (Figure 5b). It is worth noting
that the Mott gap is smaller than the Na case because the
overall bandwidth is increased two times. At the same time, the
trivial gap at K is increased to 32 meV (17 meV) for LHB
(UHB) by the U correction. Of course, the 3/4-filling
condition is preserved leading to a 3/4-filled Mott system
with the Fermi level within UHB.
We perform similar calculations for the kagome lattice

patterned by Mg adatoms. Figures 5e and 5f show the band
structures obtained with a paramagnetic constraint and in DFT
+U approximation, respectively. Similar to the hexagonal
lattice, one electron from a Mg adatom fully occupies the
narrow band from the adsorbed DS site, and the remaining
electron is equally distributed to three adjacent bare DS sites,
namely, e/3 on each bare site. In the charge density difference
plot (Figure 5h), it can be seen that the charge density
distribution is consistent with the 2/3 band filling. Some
charge accumulation can be seen at the center of the three bare
DS sites adjacent to the Mg adsorbed DS. Accordingly, the
kagome bands originating from the bare DS sites are occupied
uniformly by the excessive electron, leading to an overall 2/3
band filling (Figures 5e and 5g). With the inclusion of the
Hubbard interaction, the fully occupied bands around −0.16
eV form the lower Hubbard kagome bands (Figure 5f) and the
upper Hubbard kagome bands are 16.67% occupied (Figure
5g).
As shown above, we get doped Mott insulators with

hexagonal and kagome symmetry by the adsorption of
alkaline-earth metals on 1T-TaS2. An important consequence
of the doped Mott insulator is superconductivity. Recently
Phillips et al.56 demonstrated an analog of the Cooper
instability for a correlated electron model of a doped Mott
insulator. They showed that the metallic phases in the doped
Mott insulator exhibit non-Fermi liquid character with a
superconducting instability. This suggests that the 2/3- or 3/4-
filled TaS2 Mott system may similarly realize the super-
conducting phase. By approximating the bandwidth W (∼20
meV) as in the paramagnetic TaS2 and the effective electron−
electron interaction Ueff (180−230 meV) as the Mott gap of
the doped TaS2 system, we estimate a range of Ueff/W ∼ 9−
11.5, which is in line with the other theoretical calculations for
TaS2 (Ueff/W ∼ 2.6−9.3). Given that Ueff/W ≈ 9, when the
Hubbard bands cross the chemical potential, the doped TaS2
Mott system lies in a regime very close to the superconducting
phase.56 This is an exciting possibility to be checked with
future experiments.
We have proposed a practical approach to creating

correlated topological electronic states in the 1T-TaS2 flat-
band system. The resulting strongly correlated topological
lattices including a kagome lattice can be deliberately tuned by
the supercell periodicity and the selective deposition of metal
adatoms onto 1T-TaS2. Our study not only reveals the
interplay between the flatness of electronic bands and band
topology but also shows a route to the emergence of
unconventional superconductivity in a doped Mott system.
The physical mechanism underlying the proposed lattice
manipulation approach by adsorbate superstructures is general
and can be extended to various 2D materials with narrow

bands as well as to moire ́ superstructures. In addition, the high
tenability associated with adatom degrees of freedom can be
especially appealing to future experimental studies for
achieving charge doping of flat bands and strong coupling
with magnetic impurity.
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