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Topological and superconducting properties in bilayer kagome metals Y7xSng (T=V, Nb, Ta)
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Kagome materials exhibit fascinating properties and hold important research significance. Inspired by the
extensive studies on the AV;Sbs family of materials, here, we investigate the topological and superconducting
properties of the bilayer kagome metal materials Y 75Sne (T=V, Nb, Ta) using first-principles calculations. These
kagome materials exhibit the MgFe,Geg-prototype structure and have no magnetism. The calculated results for
formation energy and the phonon dispersion spectrum demonstrate their stability. Based on the calculation of
topologically invariant and surface states, they can be categorized as Z, topological metals. The Van Hove
singularity and Dirac points are also observed near the Fermi level. According to electron-phonon coupling
(EPC) calculations, Y7sSne systems are all predicted to be weak superconductors. Using the Allen-Dynes
modified McMillan formula, the superconducting critical temperatures 7, of YV¢Sng, YNbsSne, and YTaeSng
are predicted to be 0.65, 1.17, and 0.89 K, respectively. The EPC is mainly contributed by the vibrations of V
atoms and partially by the out-of-plane vibrational modes of Sn atoms. The coexistence of nontrivial topological
properties and superconducting properties in these bilayer kagome systems is helpful to study the relationship

between different physical properties and to design new topological superconductors.
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I. INTRODUCTIONS

Lattice geometry and crystallinity are the key factors in
determining the electronic properties of a crystal. One of
the most prominent examples is the kagome lattice, which
is composed of a two-dimensional corner-sharing triangular
network. The kagome lattices of transition metal atoms are a
fascinating playground for the exploration of novel correlated
and topological electronic phenomena [1-4]. Owing to their
intrinsic geometric frustration, kagome systems exhibit a large
number of exotic electronic states, such as bond and charge
ordering [5—10], chiral superconductivity [9-11], and spin lig-
uid phases [12,13]. The majority of experimental efforts thus
far have focused on magnetic systems, such as massive Dirac
fermions and flat bands in the ferromagnet Fe;Sn; [14,15] and
the antiferromagnet FeSn [16], Chern-gapped Dirac fermions
in the ferromagnet TbMngSng [17], Weyl fermions in the
ferromagnet Co3Sn,S; [18,19], and the noncollinear antifer-
romagnet Mn3;Sn [20]. The propensity for magnetic order
makes certain properties of many existing kagome materials
difficult to explore. However, the electronic correlation in the
absence of magnetic ordering may be conducive to the emer-
gence of new symmetry-breaking electronic states, which may
lead to unusual electronic states in kagome lattices [9-11,21].
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Recently, the topological kagome metals AV3;Sbs (A=K,
Rb, Cs) were discovered by Ortiz et al. [22,23]. This family
of materials not only possesses a nontrivial topological index
[23] but also hosts a cascade of symmetry-breaking elec-
tronic orders, including charge density waves (CDWs) [24]
and superconductivity [23,25]. Subsequent studies revealed
intertwining between these electronic orders, which gives rise
to numerous exotic phenomena [26,27], including the intrinsic
anomalous Hall effect [28,29], unusual competition between
the CDW and superconductivity [30,31], pair density wave
order [32,33], and possible Majorana zero modes inside the
superconducting vortex core [34]. Although ongoing research
indicates a rich interaction between topology and correla-
tion in kagome lattices, the experimental implementation is
still limited, mainly due to the scarcity of kagome materi-
als. Therefore, it is important to predict more proportions or
species of kagome materials.

Another class of kagome metals is the so-called 166 com-
pounds, which crystallize in the MgFe,Geg prototype struc-
ture. The structure has the general chemical formula ABg¢Xg,
where the A site can accommodate a variety of alkali, alkali
earth, and rare earth metals; the B site typically accommodates
transition metals; and the Xsite is typically limited to group
IV elements (Si, Ge, Sn). Thus, such materials are chemically
diverse. Due to this chemical diversity, the 166 family of
materials hosts a wide variety of functionalities, especially
in those materials with magnetic order. Examples include
the existence of spin-polarized Dirac cones in YMngSng
[35], large anomalous Hall effects in LiMngSng [36] and
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GdMngSng [37], Chern topological magnetism in TbMngSng
[17], competing magnetic phase in YMngSng [38], catalytic
properties in MgCosGes [39], negative magnetoresistance
in YMneSng_,Ga, [40], and a cycloidal spin structure in
HoMng_,Cr,Geg [41]. One attraction of the chemical ver-
satility of the 166 compounds is that they can be used to
design materials whose magnetic interactions can be mod-
eled independently of the kagome lattice. However, changes
in the nonmagnetic B-site atoms provide this flexibility and
allow the exploration of the interaction between magnetism
and kagome-derived band structures. This may induce new
electronic phenomena by coupling the triangular lattice plane
of the magnetic A-site ions with the nonmagnetic B-site
kagome net. However, nonmagnetic kagome metals are rela-
tively poorly explored relative to their magnetic counterparts.
Recent studies of nonmagnetic AV3;Sbs compounds [22]
showed that abnormal CDW instability and superconduc-
tivity can occur when the local magnetic interactions are
absent [23,24]. Furthermore, a new class of vanadium-
based compounds with kagome bilayers, AV¢Sbg (A=K,
Rb, Cs), was reported by theoretical calculations combined
with angle-resolved photoemission spectroscopy (ARPES)
measurements, which reveal that these compounds feature
both Dirac nodal lines and pressure-induced superconduc-
tivity [42]. Recently, Arachchige et al. revealed the CDW
modulation in ScVSng using single-crystal x-ray and neutron
diffraction [43]. The 166 system materials are also gradually
showing characteristics similar to those of the 135 family
of materials, especially the electronic-order-related proper-
ties guided by the kagome lattice. Therefore, the theoretical
prediction of new nonmagnetic kagome metal variants with
166 structure is an attractive topic in this field, which could
provide a priori guidance for both theory and experiment.

In the present study, we report three bilayer kagome ma-
terials, namely, Y7sSng (T =YV, Nb, Ta), where the kagome
bilayer is composed of the transition metal V, Nb, or Ta.
The crystal structures of the Y7Sne family of materials are
derived from elemental substitution, which is a typical method
used to synthesize new materials. For example, CsAgsTes was
reported as a thermoelectric material with ultralow thermal
conductivity [44]; then CsCusS; [45] and CsCusSe; [46]
were successfully prepared with the same crystal structure
via elemental substitution. Considering that the AV;Sbs fam-
ily of materials has rich physical properties, high-throughput
calculations were preformed [47,48], and the kagome metals
CsM;Tes (M =Ti, Zr, Hf) were predicted to exhibit supercon-
ductivity and topological properties [49]. Recently, CsTi3Bis
was successfully fabricated with single-crystal structure, and
superconductivity was observed [50], which strongly proves
the applicability of the element substitution method in kagome
families. Here, the stability is determined from thermodynam-
ics and dynamics by calculating the formation energy and
phonon spectra. They will likely be synthesized in experi-
ments in the future. The electronic structure shows that the
Van Hove singularities and the Dirac points (DPs) appear
near the Fermi level without considering the spin-orbit cou-
pling (SOC) effect, and the DPs are gapped when the SOC is
turned on. According to calculations of topologically invariant
and surface states, Y75Sng can be categorized as Z, topo-
logical metals. Their electron-phonon couplings (EPCs) are

simulated, and the results show that they are weak super-
conductors with superconducting critical temperatures around
1 K. It is extremely rare for superconductivity and nontrivial
topological properties to coexist in the 166 system, which pro-
vides guidance for future theoretical and experimental work
to find new topological superconductors, especially in the
prototype structure with a bilayer kagome lattice.

II. COMPUTATIONAL DETAILS

Our first-principles calculations of the level of density
functional theory (DFT) were conducted using the QUANTUM
ESPRESSO package [51]. The ultrasoft pseudopotentials [52]
were chosen to describe the interaction between the electrons
and ions. The exchange-correlation interaction was described
by the generalized gradient approximation and parameterized
by the Perdew-Burke-Ernzerhof functional [53]. All calcu-
lations used the zero-damping DFT-D3 functional [54] to
conduct the van der Waals (vdW) correction accurately. The
cutoff energies of the wave functions and charge density were
set as 60 and 600 Ry, respectively. All structures were fully
relaxed until the Hellmann-Feynman force acting on each
atom was less than 1073 Ry/A, and the convergence criterion
for self-consistent calculations was set to be 107% Ry. The
Brillouin zone (BZ) was sampled on a 10x10x6 mesh of
k points. The surface states were calculated by the iterative
Green’s function as provided in the WANNIERTOOLS package
[55,56], where a tight-binding method based on the maximally
localized Wannier function was employed [57,58] while con-
sidering the 5s orbitals on Y; 5p orbitals on Sn; and 3d, 4d,
and 5d orbitals on V, Nb, Ta, respectively.

The phonon dispersion curves were calculated based on
density functional perturbation theory [59], where a denser
20x20x 12 k-point grid and a 5x5x3 q-point grid were em-
ployed for the EPC calculations. The superconducting critical
temperature 7. was calculated based on the Allen-Dynes mod-
ified McMillan formula [60]:

n= o]

1.04(1 + 1) 0
A —u*—0.62au* |

where u* is the effective Coulomb pseudopotential and can be

set at a typical value of 0.1. The integrated EPC constant can

be evaluated by

w 2 /
M) =2 / F@) . )
0

a)/

The EPC constant A used in Eq. (1) is A(@max), Where wmayx s
the maximum of the phonon frequency.

Here, wyog is the logarithmically averaged characteristic
phonon frequency, which is defined as

Wiog = 2 d—wzF 1 3
log = EXP T wa (w)hwl. 3)

The phonon-related calculations were carried out without
including the SOC effect because it is less important for
describing the vibrational properties [61,62].
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FIG. 1. Crystal structure of Y7xSne (T'=V, Nb, Ta). (a) Y7sSng lattice structure composed of different layers of YSn3, 73Sn2, and Snl.
(b) Top view of crystal structure looking along the ¢ axis and showing the kagome plane of T atoms and projected Snl, Sn2, and Sn3 sites.
(c) Two-dimensional kagome net of T atoms. (d) Triangular lattice of Y-site ions interwoven in the kagome plane as shown looking along the
¢ axis. (e) Honeycomb layer formed by Sn3 atoms perpendicular to the ¢ axis.

III. RESULTS AND DISCUSSION

A. Crystal structures and thermal stability

Here, we adopt the structure of YVeSng as the parent
structure, which has been synthesized and confirmed by x-ray
single-crystal diffraction data [63]. To predict new materials,
we replace the position of V atoms by the family elements
Nb and Ta. As shown in Fig. 1, the Y7§Sng crystal structure
exhibits different layers along the ¢ axis with a hexagonal
space group of P6/mmm (No. 191). There is only one type of
Y ion and one type of V/Nb/Ta ion, while the Sn ions occupy
three different crystallographic sites denoted by Sn1, Sn2, and
Sn3. As shown in Fig. 1(a), the unit cell is composed of four
different layers stacked along the ¢ axis, which are formed
by Snl, Sn2, transition metals, and YSn3, respectively.
Figure 1(b) reveals the top view of the crystal structure, where
the transition metal 7 atoms form a kagome layer within the
ab plane, and the isolated kagome net of T atoms is shown in
Fig. 1(c). The Y atoms and Sn2 atoms both form triangular
lattice planes, as shown in Fig. 1(d), while the Snl and Sn3
atoms form the honeycomb crystal lattices between the two
kagome layers of T atoms [see Fig. 1(e)]. When viewed along
the ¢ axis, the positions of the Y and Sn2 atoms are aligned,
and the positions of the Sn1 and Sn2 are also aligned. It can be
seen that although the symmetry of this structure is the same
as that of 135 family of materials, the unit structure is quite
different, especially the inclusion of the two kagome layers,
as well as triangular and hexagonal layers, which may lead to
some interesting new properties.

The structural parameters of P6/mmm Y TgSng after high-
accuracy optimizing are shown in Table I. YV¢Sng has the
smallest volume, while YNbgSng has a slightly larger volume
than YTagSne. To ascertain the thermodynamic stability of
this system, we calculate the formation energy, defined as

_ Evrysn, — Ey — 6Er — 6Es,

E: =
f 13

“

In our calculations, we use Fm3m for Y [64], Fm3m for
V [64], Im3m for Nb [65], Fm3m for Ta [64], and Immm

for Sn [66]. As shown in the last column of Table I, the
formation energies of these three structures are all negative,
strongly demonstrating their thermodynamic stability and in-
dicating the possibility of experimental synthesis. Moreover,
we check the dynamical stability of all proposed structures
by calculating the phonon dispersions. As shown in Sec. III C,
the absence of phonon modes with imaginary frequencies sug-
gests that the structures are all dynamically stable. It is worth
mentioning that the magnetic moments of these systems in
different cases are calculated by using the method of nonlinear
magnetic moment calculations [67]. The results show that all
the magnetic moments are zero. This is consistent with the
almost negligible magnetic properties of YVsSng measured
in experiments [63].

B. Electronic and topological properties

Electronic structure information is the most important way
to understand the novel properties of kagome materials. The
calculated electronic band structures and density of states
(DOS) without considering the SOC effect are shown in
Figs. S1 and S2 in the Supplemental Material [68]. Here,
we distinguish the energy bands of these system crossing the
Fermi level by color; only two bands cross the Fermi level for
Y VeSng, and three bands cross the Fermi level for YNbgSng
and YTagSng (see Fig. 2). As expected, these three kagome
compounds show qualitatively similar band structures, where
the Dirac-like band-crossing points are located at K points,
and this characteristic also exists in the 135 system with
kagome structure [25-27]. Increasing the mass of T from V

TABLE 1. The crystal parameters and formation energies of
YT6$n6.

a(A) c (A) E; (eV)
Y VeSng 5.4260 9.1502 —0.37073
YNbeSng 5.7330 9.5307 —0.33788
YTagSng 5.7038 9.5172 —0.33962
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FIG. 2. Band structures without considering the SOC effect for
(a) YVeSng, (b) YNbgSng, and (c) YTagSng. The colored lines indi-
cate the bands crossing the Fermi level. The DPs and the Van Hove
singularities are illustrated by the light blue circles and red arrows,
respectively. The Fermi level is set to zero.

to Ta, the Dirac cones at the K points move gradually away
from the Fermi level, while the Dirac cone of YVgSng is just
on the Fermi level. In addition, the Van Hove singularity is
detected at the M point. Similarly, the Van Hove singularity of
Y V6Sng is located at the Fermi level, and others move up with
an increasing mass of 7" atoms. Such phenomena are typical
characteristics in the band structure of kagome materials [63].
The calculated electronic DOS (on the right in Figs. S1 and
S2) clearly shows that most electrons near the Fermi level of
this system are provided by the d electrons of the transition
metal atoms.

The AV3Sbs family of materials was repeatedly reported as
being topological metals [69] through analyses of the parity
of the wave function at the time reversal invariant momentum
(TRIM) points and the surface states. Here, we also investigate
the topological properties. Figures 3(a)-3(c) show the band
structures of Y7TxSng with the SOC effect switched on. Inter-
estingly, for the bands near the Fermi level, two continuous
band gaps are formed across the whole BZ at the Fermi level
after the SOC effect is included, which is consistent with
the report by Pokharel er al. [63]. It can be seen that the
SOC effects are significantly enhanced with the increase of
the atomic mass of the transition metals, and the Van Hove
singularities are robust, existing at the M point. For Y VSng,
the Dirac-like band-crossing points are gapped about 27 meV.
With increasing mass of the T atom, the gaps at the K point are
enhanced to 27.2 and 112 meV for YNbgSng and YTagSng,
respectively. Furthermore, the gaps at the ['(A) points are
opened to 53.4 (17.9) and 117.2 (122.6) meV for YVSng and
YTagSng, respectively. However, for YNbgSng, the gap at the
A point is enhanced 119.9 meV with the inclusion of SOC.

Similar to the kagome metals CsV3Sbs [69] and GdVSng
[63], the YT5Sne family of materials exhibits both inversion
and time reversal symmetries. Given the continuous band gaps
across the whole BZ, we can calculate the Z, indices of each
band around the Fermi level by analyzing the parity of the
wave function at the eight TRIM points [69-71]. The calcu-
lated results are listed in Table II. The topological invariant
Z, =1 can be assigned to band II of YV¢Sng and YNbgSng
and bands II and III of YTagSng. These results indicate that
the materials in the Y75Sng family all exhibit topologically
nontrivial characteristics.

For a traditional hexagonal structure, the BZ can be classi-
fied into unequal cases: namely, the top (001) plane, which is
the easy cleavage surface due to the vdW interaction between
layers, and the side (100) plane, as shown in Fig. S3. Here, we
calculate the surface states of these two planes. Many obvious
surface states, which are not present in the bulk, can be iden-
tified near the Fermi level [see Figs. 3(d)-3(f) and S4]. This
feature can be easily observed in the ARPES measurements.
It can be seen that the gaps in the surface states gradually
increase with increasing atomic mass of the transition metal,
agreeing well with the band structure calculations. Near the
Fermi level, the surface bands can be seen emitting from the
bulk Dirac cones on either side, which was also found in
the study of YVSng and GdVSng [63]. As a consequence,
the characteristics of topological nontrivial surface states and
the continuous band gaps make it easy to define the Y7sSng
family as Z, topological metals.

C. Phonon vibrations properties

To better understand the phonon vibrations properties of
Y 75Sng, we project the weights of different atomic vibration
modes on the phonon dispersion curve and also calculate
the phonon density of states (see Fig. 4). The absence of
the imaginary modes clearly indicates that these materials
are dynamically stable. Obviously, the vibrations of the three
types atoms (Y, 7, Sn) in these materials are gradually coupled
together as the mass of the transition metal atoms constituting
the kagome layer changes.
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FIG. 3. Band structures calculated including the SOC effect for (a) YVsSng, (b) YNbeSng, and (¢) YTasSne. The colored lines indicate the
bands crossing the Fermi level, and the colored shading illustrates the continuous band gaps in the BZ. Surface states on the (001) surface of
(d) YV4Sng, (e) YNbgSng, and (f) YTagSng are also illustrated. The Fermi level is set to zero.

For YV¢Sng, the vibrations of the three atoms are rela-
tively separated. The vibrations of the V atoms are located in
the high-frequency region (175-325 cm™!), and the vibration
frequency in the direction perpendicular to the kagome layer
is higher than that in the parallel direction. The vibrations of
the Y atoms are located in the intermediate-frequency region
(175-200 cm™"). The vibrations of Sn atoms are in the low-
frequency region (0-175 cm™"). However, for YNbsSng [see
Fig. 4(b)], the phonon vibrations of Nb atoms in different
directions are coupled, and the vibrations of Y atoms in two
directions are completely split. Interestingly, the vibrations of
Sn atoms spread to the high-frequency region, especially the
vibrations in the z direction. In addition, the acoustic branch
dominated by the vibrations of Sn atoms in the z direction
shows significant softening, which may contribute to the en-
hancement of its EPC strength [72]. For YTagSne, the phonon
vibrations of the Ta atoms are located in the intermediate-
frequency region, and the vibrations of the Sn atoms cover
almost the entire frequency range.

Interestingly, we find that the in-plane (xy direction) and
out-of-plane (z direction) vibrations of different atoms have
different degrees of splitting or mixing. The two vibrational
modes of the Y atom are almost completely mixed in YVSng
but are nearly split in YNbgSng and are partially mixed in
YTagSng. The vibrational modes of the transition metal atoms

in the z direction are more discrete with the increase of mass,
and the two vibrational modes transform from the splitting
of V to the mixing of Ta. However, the vibrations of the Sn
atoms are opposite to those of the transition metal atoms, and
the vibrations in the z direction are split in the high-frequency
region with the increase of the mass of 7.

To check whether the CDW transition happens in Y75Sng
(T=V, Nb, Ta), we recalculate the phonon dispersion by
changing the Fermi-Dirac smearing factor o. This parameter
takes on a physical meaning to directly reflect the electronic
temperature of the system [73]. We can see that the charac-
ter of absence of imaginary frequency is robust for YVgSng
and YTagSng from Fig. S5, indicating the systems are stable
with a high-symmetry phase and will not undergo any CDW
transitions. For YNbgSng, there is a stiff imagery mode at
the A point, while a very small smearing parameter (o =
0.001 Ry) is used. It gradually disappears with the increase
of the smearing parameter o. Such phenomena demonstrate
that only YNbgSng may experience a CDW transition with
decreasing temperature, just like the case of ScVgSng [43].

D. Superconductivity properties

The phonon dispersions weighted by the magnitude of
the phonon linewidth yg,, the Eliashberg electron-phonon

TABLE II. Parity of the wave function at TRIM points and the Z, indices of Y 7, Sn.

Parity Product of parity
Band index r M 3L r M A 3L Zy

YVSng I + - + + + - - + 0
I + - - - + + + — 1

- - - + - - — - 0

YNbgSng I + - + + - + + 1
I + - + - + + + — 1

- - - + - — - 0

YTaeSng I + + - + + - - + 0
I + - - - + + + — 1

- + - + - + - - 1
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FIG. 4. Phonon dispersions weighted by different atomic vi-
brational modes as well as the total (gray-shaded zone) and
vibrational mode-resolved (colored lines) phonon density of states
of (a) YV¢Sng, (b) YNbgSng, and (c) YTagSng.

spectral function o*>F (), and the cumulative frequency de-
pendence of EPC A are illustrated in Fig. 5. Here, the phonon
linewidth can be estimated by

Ak .2
qu = Zﬂquz Q_Bz|gqv(k,l, ])|
ij

X 8(8q,i — €F)8(Ek+q,j — EF), (5)

where Qpyz is the volume of the BZ, gq; and &;44,; denote
the Kohn-Sham energies, and gqv(k, i, j) represents the EPC
matrix element [60]. gqv(k, i, j), which can be determined
self-consistently using the linear response theory, describes
the probability amplitude for the scattering of an electron
with a transfer of crystal momentum q [60]. It is worthwhile
to recall that yg, reflects the EPC contribution, which does
not depend on the real or imaginary character of the phonon
frequency [74].
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FIG. 5. (a) Phonon dispersions weighted by the magnitude of the
phonon linewidth (red circles) for YV¢Sne. The right panel indicates
the Eliashberg spectral function a>F (@) (gray shading) and the in-
tegrated strength of EPC of A(w) (red line). (b) and (c) The same as
(a), but for YNbsSng and YTaeSng, respectively.

From Fig. 5, it is clear that the main contribution to the
phonon linewidth (and consequently to the EPC) arises from
the vibration of V atoms in the high-energy phonon bands,
with a small contribution from the vibrations of Sn in the z
direction in the intermediate-frequency region for YVgSng.
Similarly, for YNbgSng and YTagSng, the vibrations of the
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TABLE III. Calculated total EPC parameter A, logarithmic
average phonon frequency wio, and superconductivity transition
temperatures 7, of Y7, Sng.

A Drog T. (K)
YVsSng 0.373 238.632 0.65
YNbgSng 0.429 192.388 1.17
YTagSng 0.418 166.476 0.89

transition metal atoms in the high-frequency region play a
critical role in the phonon linewidth. The contribution from
out-of-plane vibrations of Sn atoms increases gradually in
the intermediate-frequency region. It is noteworthy that a
distinct soft mode appears on an acoustic branch for these
two materials, and the phonon linewidth of this soft mode is
mainly contributed by the out-of-plane vibrations of Sn atoms.
This EPC-caused soft mode may be attributed to the Kohn
anomalies and further induce a CDW transition with some
perturbation in experiment, such as a decrease in temperature.
This result is consistent with recent studies of a material in the
same system, ScV¢Sng [43], which shows Sn atoms cause the
CDW order.

The calculated total EPC parameter A, logarithmic aver-
age phonon frequency wjog, and superconductivity transition
temperatures T, of YTsSng are listed in Table III. The total
X for YVSng, YNbgSng, and YTagSng are calculated to be
0.373, 0.429, and 0.418, respectively. Thus, this family of
materials can be classified as weak superconductors under
ambient conditions. Taking the A(wmax) and wje into Eq. (1),
we can obtain their superconducting critical temperature 7.
The simulated 7. for YV¢Sng, YNbgSng, and YTagSng are
0.65, 1.17, and 0.89 K, respectively. It can clearly be seen that
T. of these bilayer kagome materials are positively correlated
with the EPC constant A, indicating that these systems are
traditional phonon-mediated superconductors. In addition, we
check the influence of the Coulomb potential * on the su-
perconductivity critical temperature 7;.. As shown in Fig. S6,
the T, values of all three materials decrease with increasing
w*. When u* =0, T, of YV¢Sng, YNbgSng, and YTagSng
can reach 4.26, 5.01, and 4.17 K, and the T, values tend
to be close to zero as p* increases to 0.2. Considering that
the traditional 166 systems always exhibit fantastic magnetic

orders [35,38,40,41,75], the YT5Sng system breaks this rule
and can be claimed to be weak superconductors. Therefore,
our results provide a good opportunity to explore the novel
properties in the 166 kagome system.

IV. CONCLUSIONS

In conclusion, we systematically investigated the topolog-
ical and superconducting properties of the bilayer kagome
materials Y7zSng (T=V, Nb, Ta) by using first-principles
calculations. The results for the formation energy and phonon
dispersion confirm their thermodynamic and dynamic sta-
bility. At the M point in the BZ, the Van Hove singularity
appears robustly near the Fermi level. Without considering
the SOC effect, the band structures show several Dirac-liked
band-crossing points near the Fermi level. After including
SOC, the DPs are gapped, and two continuous band gaps
form. The surface states on the (001) surface in the valence
bands and the topologically nontrivial nature clearly indicate
that the Y75Sng kagome materials are topological metals.
By analytically solving the McMillan-Allen-Dynes formula
derived from the microscopic theory of BCS, we predicted
that Y75Sng materials are weak EPC superconductors. The
EPC is mainly contributed by the vibrations of V atoms and
the out-of-plane vibrations of Sn. The coexistence of super-
conductivity and nontrivial band structure suggests that these
three bilayer kagome materials are all promising candidates
for the study of topological superconductivity. Our findings
provide a platform for exploring the relationship between su-
perconductivity and topological states in the family of kagome
lattices.
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