PHYSICAL REVIEW B 108, 184512 (2023)

Superconductivity and vortex structure in Bi,Te;/FeTe 55S¢( 45 heterostructures
with varying Bi,Te; thickness
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Using scanning tunneling microscopy, we investigate the superconductivity and vortex properties in topolog-
ical insulator Bi,Te; thin films grown on the iron-based superconductor FeTeg s5Seg 45. The proximity-induced
superconductivity weakens in the Bi,Te; film when the thickness of the film increases. Unlike the elongated
shape of vortex cores observed in the Bi,Te; film with 2-quintuple-layer (QL) thickness, the isolated vortex
cores exhibit a star shape with six rays in the 1-QL film, and the rays are along the crystalline axes of the
film. This is consistent with the sixfold rotational symmetry of the film lattice, and the proximity-induced
superconductivity is still topologically trivial in the 1-QL film. At a high magnetic field, when the direction
between the two nearest-neighboring vortices deviates from that of any crystalline axes, two cores connect each
other by a pair of adjacent rays, forming a new type of electronic structure of vortex cores. On the 3-QL film,
the vortex cores elongate along one of the crystalline axes of the Bi, Te; film, similar to the results obtained on
2-QL films. The elongated vortex cores indicate a twofold symmetry of the superconducting gap induced by
topological superconductivity with odd parity. This observation confirms possible topological superconductivity
in heterostructures with a thickness of more than 2 QLs. Our results provide rich information for the vortex
cores and vortex-bound states on the heterostructures consisting of the topological insulator and the iron-based

superconductor.
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I. INTRODUCTION

Topological superconductors have superconducting (SC)
bulk states protected by the SC gap and gapless surface
states, and they can host Majorana-bound states which attract
considerable attention because of the potential application of
topological quantum computation [1,2]. However, the natu-
ral topological superconductors are rare. An effective way
to realize topological superconductors is to dope topologi-
cal insulators. For instance, SC materials M,Bi,Se; (M =
Nb, Sr, or Cu) are proven to have the feature of topological
superconductivity [3-7]. Later, some iron-based supercon-
ductors [8-15] and some other superconductors [16—18]
are regarded as topological superconductors because they
have the nontrivial topological band or chiral-triplet topo-
logical superconductivity. Another approach to realizing
topological superconductors is to induce superconductivity
in the topological-insulating (TI) layer from the neighboring
superconductor through the proximity effect [19]. This het-
erostructure consisting of the topological insulator and the
conventional superconductor can host Majorana zero modes
in vortex cores [20,21]. Meanwhile, Majorana modes are ob-
served at the ends of one-dimensional magnetic atom chains
[22] or the edge of two-dimensional ferromagnetic islands
[23,24] grown on the s-wave superconductors.
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To achieve a high-critical-temperature (7;) topological
superconductivity, high-7; superconductors are used to fab-
ricate heterostructures. The proximity-induced superconduc-
tivity is detected in Bip Tes /Bi;Sr,CaCu, Og 5 heterostuctures
[25,26]. In addition, a twofold-symmetric SC gap is observed
in such heterostructures [27], which is consistent with the
gap form of the A4, notation proposed for the topological
superconductivity [28]. High-T. iron-based superconductors
can also induce superconductivity in the neighboring TI layer.
From our previous research, a clear proximity-induced SC gap
with twofold symmetry is obtained in Bi,Tes;/FeTeg 55S¢eq.45
heterostructures with the Bi, Tes film thickness of two quintu-
ple layers (QLs) [29], and the elongated vortex cores are also
observed on the heterostructures. Both of these observations
are the evidence of the possible topological superconductivity.
When the Bi,Tes film is thicker than 4 QLs, the proximity-
induced superconductivity is still observed in the TI layer of
the BiyTes/FeTes55€0.45 heterostructures [30]. Besides the
heterostructures containing the TI layer, the materials with the
strong spin-orbital coupling [31] or the magnetic order [32]
grown on the iron-based superconductors can also fabricate
the platform to hold the Majorana zero mode.

In this work, we report detailed results of SC and vor-
tex properties in Bi,Tes thin films with different thicknesses
grown on the iron-based superconductor FeTegssSeq.4s.
Proximity-induced superconductivity is observed in Bi,Tes
films, and it becomes weak with the increase of the film thick-
ness. On the 1-QL Bi,Te;/FeTe s5Sep 45, the isolated vortex
cores are sixfold star-shaped, and their rays extend away along

©2023 American Physical Society


https://orcid.org/0000-0001-7598-7418
http://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevB.108.184512&domain=pdf&date_stamp=2023-11-22
https://doi.org/10.1103/PhysRevB.108.184512

CHEN, CHEN, WEN, HOU, YANG, AND WEN

PHYSICAL REVIEW B 108, 184512 (2023)

the crystalline axes of the film. When the vortex lattice ar-
rangement is distorted at a high magnetic field, a pair of rays
becomes bent and connected to the nearest vortices. While
in the heterostructures with TI layers thicker than 2 QLs,
twofold-symmetric vortex cores are observed. We ascribe the
proximity-induced superconductivity on films thicker than 2
QLs to the topologically nontrivial one due to the existence of
topological surface states.

II. EXPERIMENTAL METHODS

The single crystals of FeTe ssSep4s were synthesized by
the self-flux method [33]. The interstitial Fe atoms have been
eliminated by annealing the sample at 400°C for 20 h in
an O, atmosphere, followed by quenching in liquid nitrogen.
The single crystal was cleaved in an ultrahigh vacuum with a
pressure of about 1 x 10710 Torr, and then the FeTe 55S€q.45
substrates were heated to 280 °C to degas. Bi,Tes thin films
were grown on the cleaved ab-plane surfaces of FeTe 555¢eq 45
by the molecular beam epitaxy (MBE) technique. High-purity
Bi (99.999%) and Te (99.999%) powders were evaporated
from effusion cells (CreaTec) with a flux ratio of about 1:18
of Bi/Te, and the temperature of the substrate was held at
265 °C during the deposition. The film growth rate was about
0.5 QL/min, and the growth process was monitored by re-
flection high-energy electron diffraction in the MBE chamber.
The thickness of 1 QL is about 1 nm for the Bi,Tes film
[29]. After the film growth, samples were annealed at 265 °C
for 5 min. The scanning tunneling microscopy/spectroscopy
(STM/STS) measurements were carried out in a USM-1300
system (Unisoku Co. Ltd.) with an ultrahigh vacuum, low
temperature, and high magnetic field. The tunneling spectra
were measured by a lock-in technique with an amplitude of
0.3 mV and a frequency of 938 Hz. All measurements were
taken at 0.4 K. The magnetic field was applied along the ¢ axis
of the FeTe( 55Se( 45 substrate or equivalently perpendicular to
the Bi, Te; film.

III. RESULTS

A. Spectroscopic characterization

The Bi,Te;/FeTe(ssSepqs heterostructures are shown
schematically in Fig. 1(a). Typical atomically resolved topo-
graphic images measured on FeTe( ssSeg 45 and Bi,Tes films
are also shown in the figure. The topography of FeTe ssSeg 45
is imaged before the film growth, and the surface is the square
lattice consisting of Te or Se atoms [34] with a lattice constant
of about 3.80 A. The top surface of the Bi,Tes film is the
hexagonal lattice of Te atoms with a lattice constant of about
4.38 A. Typical tunneling spectra are shown in Fig. 1(b), and
they are measured on FeTe(ssSeq 45 before the film growth
and on Bi,Tes films with different thicknesses. The thickness
of the Bi,Te; film is determined by the high-energy differen-
tial conductance measurements. And there are kinked features
occurring at energies from about —600 to —250 meV on the
spectra measured in films with different thicknesses [29].
Compared to the angle-resolved photoemission spectroscopy
[35], the kinked features probably originate from the Dirac
point of the Bi,Te; films thicker than 2 QLs. The spectrum
measured in FeTe( 55Seq 45 shows a fully gapped feature with
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FIG. 1. (a) Schematic image of BiyTes;/FeTeyssSepss het-
erostructures with different thicknesses of Bi,Te;. The atomically
resolved topography is measured on FeTeyssSep4s substrate and
Bi,Te; films (set-point tunneling conditions: Vi = 10 mV, L =
100 pA). (b) Typical tunneling spectra measured in FeTeg s5Seq 45
and Bi, Te; films (Ve = 20 mV, Iy = 200 pA).

a pair of coherence peaks at about 1.9 meV, similar to our
previous results [34]. Based on the spectra measured in Bi, Tes
films, one can see that the SC gapped feature is successfully
induced in the Bi,Tes films from the SC substrate due to the
proximity effect. Shapes of spectra measured on films have
traces from those measured on FeTe( s55¢(.45. The zero-bias
differential conductance lifts with the increase of the film
thickness, and the SC gap also shrinks through a simple es-
timation from the energy differences between two coherence
peaks.

In order to investigate the proximity-induced supercon-
ductivity in Bi,Te; films, we measured the tunneling spectra
under different magnetic fields. These spectra were taken at
positions far away from vortex cores. The results measured on
1-QL to 3-QL films are shown in Figs. 2(a) to 2(c), respec-
tively. One can see that the magnetic field can lift zero-bias
differential conductance easily. This effect can be seen clearly
in field-dependent zero-bias differential conductance shown in
Fig. 2(d). However, in FeTe( 555¢€( 45, a magnetic field of 4 T
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FIG. 2. (a)-(c) Magnetic field evolution of tunneling spectra
measured on (a) 1-QL, (b) 2-QL, and (c¢) 3-QL films (Vi = 20
mV, I =200 pA). These spectra were recorded at places far
away from vortex cores. (d) Magnetic field dependence of the zero-
bias differential conductance measured in FeTe s5Se 45 and Bi,Te;
films.

can barely affect the zero-bias differential conductance due to
the extremely high upper critical field in this material. Based
on the different magnetic-field-dependent behaviors of the
zero-bias differential conductance, we can conclude that the
field can suppress the proximity-induced superconductivity
quickly in Bi,Te; films.

B. Vortex core and vortex-bound state in 1-QL film

Vortex cores can be imaged by the zero-bias differen-
tial conductance mapping using STM/STS measurement
[36-38]. Vortex cores on FeTessSeqpss are almost round-
shaped [34], indicating an almost isotropic SC gap. However,
in 2-QL Bi,Tes/FeTeg s55¢e0.45 heterostructures, elongated
vortex cores are observed, proving a twofold SC gap [29]. This
gap feature may correspond to the topological superconduc-
tivity in TT candidates [28,29,39—42]. It should be noted that
topological surface states appear only when Bi,Te; films are
thicker than 2 QLs [29,35]. Therefore, it is interesting to inves-
tigate the vortex properties in the 1-QL Bi, Tes /FeTeg 555¢€g 45
heterostructure. Figures 3(b)-3(f) show images of vortex
cores measured at different magnetic fields in the same region
of Fig. 3(a). At 0.2 T, one can see an isolated vortex core
in the field of view of Fig. 3(b). The vortex core behaves as
a sixfold-symmetric star shape with six rays. The rays are
roughly along the crystalline axes of the Bi, Tes film which are
indicated in the inset of Fig. 3(a). The vortex-core structure is
different from that observed in FeTegs5Seq45 [34] or 2-QL
Bi,Te;/FeTeyssSeq .45 heterostructures [29], but it is similar
to the vortex-core structure measured in 2H-NbSe, [38,43—
45]. Theoretically, the star-shaped vortex cores in NbSe, can
be explained by the anisotropic crystal potential [46,47] or
the anisotropic SC gap [48]. The Bi,Te; film has a similar
sixfold symmetry of the surface lattice as 2H-NbSe,, and the
star-shaped core can also be explained by the in-plane sixfold
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FIG. 3. (a) Topography measured on 1-QL Bi,Te; thin film
(Vsee = 1V, I =20 pA). The inset shows the atomically resolved
topography measured in this region (Vioq = 10 mV, L = 100 pA),
and arrows show crystalline axes of the film. (b)—(f) Zero-bias differ-
ential conductance images (Vi = 10 mV, Iy = 200 pA) of vortex
cores measured at different magnetic fields in the same area of panel
(a). (g) and (h) Schematic images of electronic structures of two
vortex lattices corresponding to local vortex lattices in panels (c)
and (d).

SC gap or sixfold anisotropic Fermi surface. In addition, the
twofold component of the vortex core is absent in the 1-QL
film, in which there is also a combination of the fourfold sym-
metry of the substrate and the sixfold symmetry of the film.
Therefore, the elongated vortex core in the 2-QL film [29]
should originate from the topological superconductivity rather
than the combination of two kinds of lattice symmetries.
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FIG. 4. Two sets of tunneling spectra measured across (a) a
vortex core and (b) two rays connecting two neighboring cores
(Vier = 20 mV, L, = 200 pA). They are measured along the arrows
in Fig. 3(c).

In 2H-NbSe,, vortices arrange into a perfect hexagonal
lattice due to the negligible vortex pinning. The rays of the
star-shaped vortex core are at 30° to the nearest-neighbored
direction of the vortex lattice, and three rays from the three
nearest cores at triangle vortices intersect at the center of
the unit triangle [38,44,45]. This configuration is illustrated
in Fig. 3(g). In the 1-QL film, we can also see such local
structure, e.g., in Fig. 3(c). However, when the magnetic field
increases, the vortex pinning effect makes the vortex lattice
disordered in the heterostructure. Some rays change their
paths to the nearest-neighbor direction of the vortex lattice.
In this situation, a pair of rays expands from neighbor cores
and forms two extra connections between these two cores.
This situation is illustrated in Fig. 3(h), and examples can
be observed in many places in Figs. 3(d) to 3(f). This is an
interesting observation of the vortex-bound state influenced
by two neighboring vortex cores. This feature is simulated in
a previous work for vortex cores with fourfold symmetry [49],
and the extending rays of neighboring vortex cores also con-
nect with each other, forming a configuration similar to that
observed here in the 1-QL heterostructure. This interesting
feature is induced by the interaction of vortex-bound states of
neighboring vortex cores, and a further theoretical calculation
is required for the precise understanding.

To study the vortex-core states and electronic properties of
core rays in the 1-QL film, tunneling spectra are measured
across a single vortex core and a pair of rays connecting
adjacent vortices. Figure 4 shows these two sets of spectra
measured along two arrowed lines plotted in Fig. 3(c). The

spatial evolution of tunneling spectra across the vortex core
in Fig. 4(a) is similar to the case in 2H-NbSe, [38,43,44].
The spectrum at the center of the vortex core shows a giant
peak at zero bias, and then the peak splits into two branches
when the tip moves away from the center. Finally, the two
peaks merge into the gap edge. This is the typical spatial
evolution of vortex-bound states in a superconductor with
a minimal ratio of A/Eg. Here A is the SC gap, and Ep
is the Fermi energy. In this situation, the zero-bias peak or
the split peaks are combined by many vortex-bound states
with a negligible energy gap spacing of about A%/Eg [46].
However, in the substrate superconductor of FeTeg s5Seq 45
[34,50] or other iron-based superconductors [51,52], discrete
vortex-bound states or so-called Caroli-de Gennes—Matricon
(CdGM) [53] states are observed due to the large ratio of
A/Eg. The situation of vortex-bound states in the 1-QL
Bi,Te; film grown on FeTe( s55¢eg4s5 is different but is like
that in 2H-NbSe,. In addition, the topological surface state
does not exist in the 1-QL film [29,35], and consistently,
we do not see the noticeable feature of the zero-bias con-
ductance peak in the vortex core center or the elongated
shape of vortex cores, just like those observed in the 2-QL
film [29] or other superconductors [16,41,42]. Instead, the
sixfold-symmetric vortex cores suggest a topologically trivial
nature. Figure 4(b) shows a set of tunneling spectra measured
across a pair of rays connecting adjacent vortex cores. There
is some structure near zero bias on the ray. In 2H-NbSe;,
the rays are caused by the lift of zero-bias conductance of
the two combined vortex-bound-state peaks at positive and
negative energies [38]. However, the bound states inducing
rays in the 1-QL Bi,Te; film behave differently from those
in 2H-NbSe,, probably due to the curvature minima of the
Fermi surface [47] rather than the merged vortex-bound-state
peaks.

Vortex images are also recorded by doing differential-
conductance mapping at different energies, and the results are
shown in Fig. 5. There are two ridgelike dislocations in the to-
pography, as shown in Fig. 5(a). These dislocations may come
from the surface strain on the substrate [29]. In the zero-bias
differential conductance mapping in Fig. 5(b), one can see that
some vortices are located exactly at the ridgelike dislocations
denoted by white dashed lines. However, the pinning effect
is weak for these dislocations because a few vortices are
very near to, but not precisely at, the dislocations. In addi-
tion, the intervortex distance between neighboring vortices is
almost the same for vortex cores pinned at the dislocations
and those away from the dislocations, which is another proof
of a very weak pinning effect by the dislocations. The pat-
terns of vortex cores are similar to those shown in Fig. 3(d).
These vortices form the disordered lattice at 0.7 T, and pairs
of rays connect adjacent vortex cores. With the increase of
energy [Figs. 5(c)-5(f)], the ray seems to split into a double
branch. This is similar to the situation in the 2-QL film and
can be explained theoretically from the spatial and energy
evolution of vortex-bound states [48,54]. With further energy
increase [Figs. 5(g)-5(j)], the dark round discs appear in the
center of vortex cores, indicating a noticeable suppression
of the density of states within the discs. This is similar to
the vortex cores measured at high energies in the 2-QL film
[29].
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FIG. 5. (a) Topographic image in an area of the 1-QL film (Vi, = 1V, I, = 20 pA). (b)—(j) Vortex images measured at various energies
and in the same region shown in panel (a) (Vi; = 10 mV, I, = 200 pA). The white dashed lines in panel (b) denote places of the dislocations

in panel (a). The applied field is 0.7 T.

C. Vortex images and vortex-bound states
on 3-QL heterostructures

In the 1-QL Bi,Te;s film, the vortex cores manifest as a
sixfold shape, which suggests a topologically trivial super-
conductivity. In contrast, we observed elongated vortices in
the 2-QL film. As mentioned above, the sixfold shape of the
vortex core in the 1-QL film rules out the possibility that
the elongated vortex core in 2-QL film [29] originates from
the combination of the substrate’s fourfold symmetry and
the film’s sixfold symmetry. Therefore, the elongated vortex
core is evidence of the twofold symmetry of the SC gap and
the existence of the topological nontrivial superconductivity
[28,29,39-42]. Since topological surface states appear when
the Bi,Te; film is thicker than 2 QLs [29,35], it is worth
imaging the vortex cores on 3-QL film to see whether the
twofold-symmetric feature still exists. Figure 6(a) shows the
topography measured in a 3-QL film, and one can see some
ridgelike dislocations. Vortex cores are imaged by the zero-
bias differential conductance mapping, and the results under
different fields are presented in Figs. 6(b)—6(d). Some vortices
are also located exactly at the ridgelike dislocations, but the
pinning effect is also very weak as discussed above. Moreover,
vortex cores are all elongated along one of the crystalline
axes (defined as the a axis) of the film, similar to the result
on the 2-QL film [29]. Thus, we can infer that the SC gap
is also twofold symmetric in 3-QL heterostructures, and the
topological superconductivity is likely to exist in the TI film
of this thickness.

In order to study the vortex-bound states in the vortex cores
on the 3-QL Bi,Te; film, we also measure tunneling spectra
along and perpendicular to the vortex elongating directions
(a axis), and the results are shown in Fig. 7. Along both di-
rections, spatial evolution of vortex-bound states behaves like
that in a typical superconductor with large Ex [38,43,44,46].
However, the distance with a zero-bias conductance peak
seems to be longer than the normal vortex core, which is

similar to the situation in other topological-superconductor
candidates [16,17,21,29]. Therefore, there may be the Ma-
jorana zero mode coexisting with conventional vortex-bound
states in the vortex core in the 3-QL film.

IV. DISCUSSION

Vortex-core images and vortex-bound states have been
investigated in Bi,Tes;/FeTegssSepss heterostructures with

FIG. 6. (a) Topographic image in an area on the 3-QL film (V, =
1V, I, = 10 pA). (b)—(d) Vortex images recorded at zero bias under
different magnetic fields (Ve = 10 mV, I, = 200 pA). The white
dashed lines denote places of dislocations in panel (a). Vortex cores
are elongated along one pair of the crystalline axes.
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FIG. 7. (a) Image of an isolated vortex core measured at zero
bias, and it is elongated along one pair of the crystalline axes which
we can define as the a axis. Two sets of tunneling spectra measured
(b) along and (c) perpendicular to the a-axis direction, respectively
(Ve = 10 mV, I, = 100 pA).

different thicknesses of Bi, Tes layers. The sixfold-symmetric
star-shaped vortices are observed in the 1-QL film, which can
be explained by the topologically trivial nature when consid-
ering a sixfold symmetry of the Fermi surface [46,47] or an
SC gap with the sixfold symmetry [48]. There are six rays
along crystalline axes around an isolated vortex core. While
in the heterostructures with Bi,Te; film thicker than 2 QLs,
elongated vortices have been observed, and the elongated
direction is along one pair of crystalline axes. This kind of
vortex core can be explained by the twofold-symmetric Ay,
SC gap function proposed for topological superconductors
[28]. Therefore, images of vortex cores are anisotropic in
heterostructures with Bi, Tes film thicknesses of more than 2
QLs. To get the anisotropy of the core size, we fit the spatial
(r) dependence of the differential conductance at zero bias
[g(r,0)] by using the exponential decay formula g(r,0) =
go +Ae™"/C [55,56], with gy being the background signal
obtained far away from the vortex core and C being the core
size. We focus on vortex cores imaged at 0.2 T to avoid the
influence of neighboring vortex cores. The fitting results to
the 1-QL and 3-QL films are shown in Figs. 8(a) and 8(b) as
examples, and then the longer (C;) and the shorter (Cs) core
size can be obtained and they are shown in Fig. 8(c).

The core size C may roughly equal to the coherence length
&. For example, the core size is about 2.58 nm for the substrate
FeTe( 555¢€ 45 from fitting the experimental data in Ref. [34],
consistent with the coherence length of 2.64 nm derived from
the upper critical field of about 47 T [57]. Then the anisotropy
of C or £ may be due to the anisotropy of the SC gap based
on the formula § = hvr/m A, with v being the Fermi veloc-
ity [54]. The core-size anisotropy 7 is calculated from the
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FIG. 8. Spatial dependence of the normalized differential con-
ductance at zero bias g(r, 0) in semilog plots across several different
vortices along the longer and the shorter axes of vortex cores in
(a) the 1-QL film and (b) the 3-QL film. The differential conductance
go measured extremely far away from the core center has been
subtracted as a background. The direction with the larger core size
is along the ray in the 1-QL film [inset of panel (a)] or along the
elongating direction in the 3-QL film [inset of panel (b)], and both
of these directions are supposed to be roughly along the a axis of
the film. The longer (C;) and shorter (C;) vortex sizes with error bars
are obtained by fitting to the experimental data by the exponential
decay formula. (c) Thickness-dependent C; and C; derived from the
fitting results. (d) Thickness-dependent anisotropy of the core size
(77 = Cl/ Cs)

definition of n = C;/Cs, and values are shown in Fig. 8(d).
n is about 1.0 for vortex cores in FeTegssSep 45, suggesting
an isotropic feature of the vortex core in the substrate super-
conductor. In the 1-QL film, although the rays seem to be
very long, its zero-bias density of states is barely enhanced.
Therefore, the anisotropy of the sixfold vortex core is only
about 1.4 in the 1-QL film. In 2-QL and 3-QL films, the
anisotropy of elongated vortices is about 2.2, which is the
anisotropy of the SC gap in 2-QL and 3-QL films if the Fermi
surface is almost isotropic.

The vortex-bound states on FeTeps5Segq4s or
Bi,Te;/FeTe(s5Sep45 heterostructures are also different.
Discrete CdGM bound states are observed in some vortex
cores in FeTe s5Seq 45 because of the minimal Fermi energy
[34]. However, the vortex-bound states on the 1-QL Bi,Tes
film coincide with the merged CdGM states due to its
large Er, i.e., a giant zero-bias peak appears at the center of
the vortex core and then it splits into two branches when the
tip moves away from the vortex center. The change of the
vortex-bound state may originate from a dramatic increase
of Fermi energy on the Bi,Te; surface, no matter whether
the proximity-induced superconductivity is topologically
nontrivial or trivial in the Bi,Te; film. The considerable
change of the vortex core shape and bound states with
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different film thicknesses of 1 and 2 QLs may originate from
topological surface states on 2-QL or thicker BiyTes; films.
In 2- and 3-QL Bi,Te; films, the vortex-bound states along
the elongated direction show a zero-bias peak which persists
for a relatively long distance, and this feature may be induced
by the mixture of the Majorana zero mode and conventional
CdGM states.

V. CONCLUSION

To conclude, we investigate electronic and vortex proper-
ties in Bi,Tes/FeTeyssSep4s5 heterostructures with different
thicknesses of the BiyTe; film. The gapped feature and
coherence peaks on the tunneling spectra reveal that su-
perconductivity is successfully induced to the Bi,Te; thin
films from the iron-based superconductor FeTe( 55Seq.45. The
sixfold-symmetric star-shaped vortices with extended rays
indicate the sixfold symmetry of the Fermi surface or the

SC gap on 1-QL heterostructures. An interesting connection
of neighboring vortex cores by a pair of rays is observed
when the arrangement of vortices deviates from the stan-
dard triangular vortex lattice. Being similar to those in the
2-QL heterostructure, elongated vortex cores are observed on
the 3-QL heterostructure, indicating a twofold-symmetric and
possibly topologically nontrivial superconductivity in these
heterostructures. Our observations will shed some valuable
insights into understanding the proximity-induced topological
superconductivity.
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