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Fig. 1. Transport measurements of Au,Pb: (a) p(7) curves of Au,Pb single crystal. Inset: close-up of the same data from 30 to

60 K; (b) temperature dependence of x, shows the Meissner effect: sharp diamagnetic drops at 1.15 K. The inset presents low-field

M(H) curves at various temperatures from 0.5 to 1.1 K; (c¢) p(T) characteristics at various H, up to 0.05 T. The p(T) obtained in

zero field shows T™ = 1.3 K, T2 = 1.18 K; (d) magnetoresistance of Au,Pb crystal at various temperatures under H, . Inset:

normalised upper critical field h* = Hep/T¢ (dHe2/dTr—1,) as a function of normalised temperature ¢ = T/ T,, with the red dashed

line indicating the expectation for a polar p-wave state. The black dashed line indicates the WHH theory for s-wave superconductor.

From Ref. [52].
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Fig. 2. Device schematic and superconductivity characteristics/®: (a) Cartoon illustration of the device structure and the crystal
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structure of monolayer WTe,; (b) optical microscopy image of device 1; (c) temperature dependence of the resistance for V;, = 4 V

and Vi, = 5 V. The inset shows the resistance as a function of both gate voltages, at a base temperature of 60 mK; (d) V-I charac-

teristics from base temperature (black) up to 940 mK (red); (e) nonlinear V-I behavior, captured by differential resistance curves, at

base temperature for different perpendicular magnetic fields. From Ref. [62].
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Fig. 3. Resistance characterization of WTe, device in the superconducting regime: (a) R,, on log scale versus temperature T at a
series of positive-gate doping levels n, showing a drop of several orders of magnitude at low T for larger n,. Inset: Locations of
sweeps on the phase diagram; (b) effect of perpendicular magnetic field B, on resistance at the highest n, value in (a). Inset: Chara-
cteristic temperatures T}/, obtained from these temperature sweeps, as well as characteristic fields B; /2 measured from field sweeps
under similar conditions; (c) same as (b) but for the in-plane magnetic field B), (the B/, = 0 data are for n, = 19 x 10" cm % the
remaining data are for n, = 18 x 10" cm ?). Inset: Reduction of T}, with B, fit to the expected form for materials with strong
spin-orbit scattering (solid line). The Pauli limit Bp, assuming ¢ = 2, is indicated by the dashed line; (d) data from (b) replotted to
highlight the saturation of R, at low T} (e) sweeps of B, showing rise of resistance beginning at very low field; (f) sweep of B/,

showing sharper onset of resistance comparing to (e). Inset: Data from (c) on a linear scale. From Ref. [63].
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Fig. 4. SC in BiyTe; and Bi,Se; induced by pressure: (a) SC transition in BiyTes at various pressures™; (b) SC phase diagram and

Hall coefficient as a function of pressurel™ in Bi;Tes; (c) SC transition in Bi,Ses at various pressuresl®); (d) phase diagram and car-
rier density as a function of pressure in BiySes/6s.
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Fig. 5. Superconductivity in CdsAs, induced by pressure: (a), (b) SC transition in Cd3As, at various pressures; (c) phase diagram of
CdjAs, under pressure. From Ref. [72].
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Fig. 6. Pressure induced SC in WTe, and pressure enhanced SC in MoTe,: (a) Lattice parameters and ¢/a as a function of applied
pressure calculated by density functional theory (DFT); (b) calculated evolution of Fermi surface contour in ab plane at various
pressures. Fermi surface enlarges substantially with the application of pressure, which is favorable for the formation of Cooper
pairsl®); (c) upper panel: measured phase diagram of WTe,. Green and red region respectively correspond to large magnetoresistance
(LMR) and superconductivity (SC). Lower panel: Hall coefficient Ry at 1 T and 10 K as a function of pressure. Inset is its second
order derivative. The shaded area indicates where Ry sign changes and SC takes placel™); (d) upper critical field as a function of
temperature of pressure enhanced SC in MoTe,, whose behavior is reminiscent of multi-band SC%%; (e) phase diagram of MoTe, un-

der high pressure. Black and green symbols represent 1T to Td structural phase transition temperature measured by resistivity and
XRDI66],
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Fig. 7. Unconventional superconductivity in Cu,Bi,Ses: (a) Structure of Cu intercalated Bi,Se; where superconductivity is
possiblel!; (b) resistivity-temperature) relation(p-T) relation of Cug,Bi;Ses. Lower left inset magnifies the superconductivity trans-
ition region. Upper inset shows resistivity as a function of perpendicular magnetic field. A third inset shows Seebeck coefficients of
differently doped materials, where we can see doping effect is stronger for intercalated BiySes®'; (c) ZBCP in point contact spec-
trum (PCS) of superconducting Cu,BiySes™; (d) ZBCP observed in vortex cores of Cug 4 BiySey surface under 0.2 T perpendicular
magnetic field at effective electron tempearature 310 mK by STM[B4,
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Fig. 8. Superconductivity in S doped MoTe, (MoTe; 4Sy5): (a) p-B relation of MoTe, under various temperatures. Superconductivi-

ty with zero resistance is clearly seen; (b) critical magnetic field as a function of temperature, which can be well fitted by a two-

band mode. The fitting parameter supports unconventional s™ pairing superconductivity; (c) superconducting electron heat capa-

city as a function of temperature can be well fitted by two-band mode; (d) superconductivity gap observed at the surface of

MoTe; S5 by STM. The spectrum differs from what is expected for a conventional s wave superconductor. From Ref. [77].
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Fig. 9. Schematic diagram of a spin selective tip on a vortex: (a) Illustration of spin selective Andreev reflection in spin polarized

(M 1) STM/STS on a vortex center 7 = 0 in an interface of a topological insulator and s-wave superconductor. An incoming spin-

up electron of zero energy is reflected as an outgoing spin-up hole induced by Majorana zero mode with spin-up at » = 0, which

gives out a higher tunneling conductance; (b) an incoming spin-down electron of zero energy is reflected directly because of the mis-

match of the spins of the electron and the Majorana zero mode, which results in a lower tunneling conductance. From Ref. [104].
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Fig. 10. Topological superconductivity and Majorana zero modes in the topological edge state of a Bi(111) bilayer: (a) Schematic
representation of a hexagonal Bi bilayer island sitting on the surface of a Bi(111) thin film and exhibiting topological helical states
on every other edge. Topological superconductivity DSC is induced into these helical states by superconducting proximity from the
underlying Nb(110) substrate. Attaching a ferromagnetic cluster to the bilayer edge can open a magnetic hybridization gap. An
MZM is localized at the mass domain wall, which is realized at the cluster-helical edge state interface, and can be detected in STM
experiments; (b) spatially resolved low-energy local density of states (LDOS) calculated from a tight binding model for the edge
state cluster arrangement shown in (a). The LDOS is a spectroscopic line cut taken along the A edge in (a); (c) point spectra ex-
tracted from the calculated spectroscopic line cut shown in (b) (positions indicated by the colored triangles); (d), (e) calculated
band structure along the G-M direction from a tight-binding model of a Bi(111) bilayer, for which the A edge is coupled to the spin-
polarized d-bands of a ferromagnetic cluster, resulting in a magnetic hybridization gap and a Zeeman gap. In (d), the cluster mag-
netization is parallel to the 4 edge M = (M,, 0, 0); in (e), it has an additional component of the same amplitude perpendicular to
the A edge M = (M,, M,, 0); The wave function weight on the Bi(111) edge in contact with the cluster is represented by symbol
size and position on color scale. The magnetic hybridization gap, spanning the entire Brillouin zone, and the Zeeman gap at the

high-symmetry point are indicated. From Ref. [109].
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Fig. 12. Tip induced superconductivity in topological semimetal CdsAs, and TaAs: (a) Zero-bias point contact differential resist-
ance of CdsAs, as a function of temperature with W tip, magnetic field suppresses resistance drop, which signals a SC transition!'2!];

b) normalized point contact differential conductance spectrum of Cds;As, with W tip[m]; ¢), (d) superconductivity in TaAs in-
3 y
duced by Ptlr tip[m].
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Abstract

In recent years, by introducing topological invariants into condensed matter systems, new phases of mater
are revealed. Of these new phases, the topological insulator, topological semimetal and topological
superconductor are the most important. They are called topological materials due to nontrivial topological
parameters. Topological superconductors hold Majorana zero modes at the edges, satisfying non-abelian
statistics, which makes them major candidate for realizing topological quantum computation. Besides exploring
intrinsic topological superconductor, a promising way to realize topological superconductor is to induce
superconductivity into other kinds of topological materials. Up to now, experimentalists have developed some
techniques, such as gating, doping, high pressure, interface effect and hard point contact to introduce
superconductivity into various topological materials, and also they have studied the topological properties of the
induced superconductivity. In this review, we summarize the representative researches on intrinsic topological
superconductor candidates and induced superconductivities in topological insulators and semimetals. The
advantages and disadvantages of different techniques are discussed. Besides, the potential evidences of

topological superconductors are analyzed. In the end, the outlook of this actively pursued research field is given.

Keywords: topological insulator, topological semimetal, unconventional superconductivity, topological

superconductivity, topological material
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