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             Introduction 
 Throughout human history, major advances in technology 
have been usually accompanied by a revolution in materials. 
Examples include the invention of bronze tools after the stone 
age, the displacement of bronze by iron, the development of 
the metallurgy of steel and aluminum that has been stimulated 
by and has fueled the industrial revolution, and the optimiza-
tion and surface passivation of silicon that enabled much of 
the multibillion-dollar technological sector in the present day. 
Today, similarly disruptive advances in quantum materials 
may germinate from the burgeoning fi eld of quantum infor-
mation science (QIS), which utilizes quantum degrees of free-
dom for information storage and processing.  1   Technologies to 
manipulate and harness quantum states are poised to revolu-
tionize current paradigms of computation, sensing, storage, 
and communications. 

 The term “quantum materials” is fairly broad, encompass-
ing all materials whose properties are largely determined by 
quantum mechanical principles and phenomena. A key dis-
tinction of quantum materials from other materials lies in the 
manifestation of quantum mechanical effects at macroscopic 
length scales. In fact, all materials are composed of basic 
quantum particles and quasiparticles (i.e., electrons, holes, 
spins, and phonons) on the foundation of quantum mechani-
cal principles at microscopic length scales; for example, the 

wave-particle duality of basic quantum particles or quasi-
particles, and uncertainty in energy/momentum of basic par-
ticles or quasiparticles. However, the quantum mechanical 
effects manifested at the molecular and atomic scale of clas-
sical materials are overwhelmed by the classical statistical 
mechanics of a large particle ensemble in macroscopic length 
scales. Generally, quantum materials are characterized by at 
least one, and often several, of the following attributes. 

 The fi rst attribute is the quantum confi nement of basic quan-
tum particles and quasiparticles (i.e., electrons, holes, exci-
tons, spins, and phonons) due to the reduced dimensionality 
of materials. Quantum confi nement occurs when the physical 
dimension of the materials is comparable to or smaller than the 
characteristic length scale of quantum particles. The defi nition 
of characteristic length scale varies with quantum particles, for 
instance, as the physical extension of excitonic wave function 
(excitonic Bohr radius) for excitons and as mean scattering-free 
paths for electrons, holes, spins, and phonons. Quantum con-
fi nement leads to properties that are either dramatically modi-
fi ed from the bulk or entirely new properties not found in the 
parent materials, such as the size-dependent energy-level spac-
ing of charges in semiconductor nanocrystals that form the 
basis of quantum dot displays,  2   and the controlled entangled 
spin states in semiconductor quantum dots that are now a 
promising platform for quantum computation.  3 
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Another common attribute of quantum materials is strong 
many-body interactions, such as electron–electron, electron–
phonon, exciton–exciton, and spin–valley interactions. For 
instance, the strong Coulomb interactions among charges, 
which, together with competing degrees of freedom such as 
spin and valley (local minima in the electronic band structure), 
gives rise to collective phenomena that are not expected 
from the noninteracting single-particle picture. These emergent 
phenomena include some of the most spectacular manifesta-
tions of collective behaviors of charges and atoms, including 
superconductivity, magnetism, and charge-density waves. 
They also underlie some of the most studied but long-standing 
mysteries in materials research, such as high-temperature 
superconductivity and heavy fermion systems.

A third characteristic shared by many quantum materials 
is the important role played by topology and the Berry phase 
(the Berry phase is a geometric phase of the wave function 
acquired by a charge when it adiabatically completes a closed 
path in certain parameter spaces). These topological quantum 
materials have topologically nontrivial electronic structures, 
giving rise to exotic properties that are topologically protected. 
Examples include the quantum spin Hall effect (QSH) in two-
dimensional (2D) topological insulators (TIs), in which heli-
cal edge states (a pair of counter-propagating spin-polarized 
edge states) circulate along the edges of otherwise insulating 
bulk; and the quantum anomalous Hall effect (QAHE) in 
insulators that, in the presence of magnetization and large 
spin–orbit coupling, host quantized Hall conductance in a 
zero magnetic field.

Last, quantum materials enable the utilization of noncharge 
degrees of freedom of charge carriers, such as spin, valley, 
and pseudospin. Creation, transport, and manipulation of 
these nontraditional state variables has been a flourishing area 
of research, with technological applications beyond Moore’s Law 
scaling of integrated circuits, high-density storage (exemplified 
by the spectacular success of magnetic random-access memory 
[MRAM]), low-energy electronics, and quantum computation.

Here, we briefly discuss some of the most promising quan-
tum material systems that have recently emerged as topical 
research areas. In most of these systems, more than one of 
these previously discussed attributes, are present, intertwining 
to give rise to novel phenomena and enabling devices to usher 
in new scientific and technological paradigms of computation, 
sensing, and communications (Figure 1).

Two-dimensional materials
Two-dimensional materials4 have constituted one of the most 
active frontiers of materials research in the past decade, open-
ing the door for exploring the mechanical, optical, thermal, 
and electronic properties of atoms that are confined to atomi-
cally thin layers and with promise as the future generation 
of electronic and optoelectronic materials and applications. 
Starting with the isolation of graphene on insulating sub-
strates,5 the family of 2D materials has since been broadened 
to include insulators, semiconductors, superconductors, ferro-
magnets, and charge-density wave materials.

The allure of 2D materials partly lies in their extremely 
reduced dimensionality—as a material’s thickness is reduced 
to a single or few atomic layers (Figure 2a), its properties 
are dramatically altered from those of the bulk. As a result of 
the reduced dimensionality, 2D materials often feature strong 
quantum confinement and reduced Coulomb screening. The 
quantum confinement gives rise to discrete energy levels, and 
the reduced Coulomb screening can significantly enhance the 
effects of charge interactions. From an intuitive perspective, 
the enhanced charge interaction results from the fact that the 
charges simply do not have as much available “space” to 
avoid one another (in fact, they “have lost” an entire dimen-
sion). The strong quantum confinement and reduced Coulomb 
screening collectively enable the exceedingly strong exciton 
binding energy in 2D materials, in particular, 2D semiconduc-
tors, which is often more than one order of magnitude stronger 
than that of conventional semiconductors. Such strong bind-
ing energy makes excitons, a quasiparticle consisting of elec-

trostatically bound electrons and holes, robust 
enough to become a viable carrier for quantum 
information processing. This will be discussed 
further in the section on strongly correlated 
quantum materials.

Combining these effects with additional 
degrees of freedom, such as spin, valley, and 
layer, results in many specular phenomena 
in quantum materials, including emergent 
quantum phases such as magnetism, super-
conductivity, or correlated insulators that are 
not found in their bulk counterparts. In many 
cases, two or more of these quantum phases 
manifest in the same material and are tunable 
in situ by charge injection via electrical gat-
ing or other ways. Two-dimensional quantum 
materials are also extremely attractive from the 
standpoint of providing unprecedented quality 

Figure 1.  Quantum materials are characterized by, among other attributes, reduced 
dimensionality and unexpected collective phenomena such as superconductivity and 
magnetism that emerge at the interface of heterostructures. From left to right, the 
schematics show Cooper pairs, ferromagnetic ordering of charges, and light–matter 
interaction.
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and tunability. First, many 2D materials have an exceedingly 
high charge mobility, which exceeds several million cm2/Vs 
in graphene,6 and reaches up to 25,000 cm2/Vs in few-layer 
black phosphorus.7 Such high mobilities are particularly per-
tinent for applications that require long lifetimes for charge or 
spin. For instance, spin lifetimes as long as 12 ns have been 
demonstrated.8,9 Second, 2D materials are extremely tunable, 
as many of the properties can be controlled via electrostatic 
gates that can tune charge density and the out-of-plane elec-
tric field, as well as via in-plane and out-of-plane magnetic 
fields. For instance, while bulk WTe2 is a semimetal, mono-
layer WTe2 is a QSH insulator at low doping and becomes a 
superconductor when the charge density exceeds 5 ×1012 cm–2 
(Figure 2b).10–16 In highly doped atomically thin MoS2, Ising 
superconductivity is observed, in which the spin-valley lock-
ing leads to an in-plane critical field that greatly exceeds the 
paramagnetic limit.17 Few-layer black phosphorus has been 
predicted and shown to undergo transitions among normal 
insulator, topological insulator, and semimetal as a function 
of out-of-plane electric field (Figure 2c).18,19 
In bilayer and ABC-stacked trilayer graphene, 
transitions among layered antiferromagnet, 
layer polarized valley–Hall insulator, and con-
ventional metal by changing charge density n and 
out-of-plane potential bias U⊥ (Figure 2d).20–22 
Bilayer CrI3 can be ferromagnetic, antiferro-
magnetic, or paramagnetic depending on dop-
ing level and magnetic field.23–25

Third, the electronic states in 2D materials 
are surface states, and thus are more easily 
manipulated and coupled to mechanical, optical, 
or scanned probes. They are nature’s thinnest 
elastic membranes,26,27 and can ripple,28 wrin-
kle,29,30 and sustain elastic strains up to 25%.31  

They are excellent optoelectronic materials and provide ultra-
fast and broadband photoresponse.32–38 Finally, they enable 
creation of twist, Moiré, or stacked heterostructures with 
tailored electronic properties that are otherwise inaccessible 
(see also the next section on ‘Heterostructures and interfaces’).

Heterostructures and interfaces
In a heterostructure, two dissimilar materials are adjoined 
together to form a new material system. At the interface of 
the two dissimilar materials, the mismatch in work functions, 
Fermi velocities, electronic bands, magnetic ordering, and lat-
tice constants results in a plethora of new phenomena. One of 
the oldest and most intensely studied phenomena is the dis-
continuity in conduction and valence bands of semiconduc-
tors with different doping or bandgap sizes, which leads to 
the formation of a quantum well, 2D electron gas (2DEG) or 
2D hole gas at the interface of semiconductor heterostructures 
(Figure 3a). Remarkably, a 2DEG may even emerge at the 
interface of insulators, such as in the case of LaAlO3/SrTiO3,39–43 

Figure 2.  Tunability of 2D materials. (a) Schematic of crystal structure of bilayer MoS2. Yellow and green atoms represent S and Mo, 
respectively. (b) Phase diagram for monolayer WTe2, which can be a quantum spin Hall (QSH) insulator, superconductor (SC), or metal 
depending on charge density.6,19 (c) (Left) Few-layer phosphorene is predicted to (right) transition among metal, topological insulator, and 
normal insulator states as a function of electric field.8 The box indicates the unit cell of few-layer phosphorene. (d) Phase diagram of ABC-
stacked trilayer graphene at the charge neutrality point in the quantum Hall regime, transitioning among layer antiferromagnet (LAF), canted 
antiferromagnet (CAF), ferromagnet (F), and quantum valley Hall insulator (QVH).21 The arrows indicate spin configurations on different 
layers of the trilayer. Note: n, charge density; T, temperature; U⊥, out-of-plane potential difference; B||, perpendicular electric field.

Figure 3.  (a) Band structure of GaAs/AlGaAs heterostructures. The mismatch of bands 
at the interface gives rise to the inversion that hosts a 2D electron gas. (b) Schematic 
of the modification of material property by proximization with a substrate that has the 
desirable attribute, such as superconductivity (SC), ferromagnetism (FM), and large spin–orbit 
coupling (SOC). (c) Moiré superlattice in twisted bilayer graphene. Note: EC, conduction-band 
minimum; EV, valence-band minimum; EF, Fermi energy.

https://doi.org/10.1557/mrs.2020.125 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2020.125


Emergent quantum materials

343MRS BULLETIN • VOLUME 45 • MAY 2020 • mrs.org/bulletin

where both of the parent materials are insulators (with band-
gaps of 5 eV and 3.5V, respectively). Under the right condi-
tions, a number of surprising phenomena have been observed 
at this interface, including high mobility transport, quantum 
oscillations, superconductivity, ferromagnetism, and giant 
photoconductivity.

Apart from the misalignment of band structures, other 
important factors at the interface are interfacial charge transfer 
(e.g., mismatch in work functions) and lattice mismatch. For 
instance, bulk FeSe is a superconductor with intrinsic transi-
tion temperature Tc ∼ 9 K; amazingly, for a FeSe monolayer 
on SrTiO3 substrate, its Tc skyrocketed by as much as an order 
of magnitude, to ∼100 K.44,45 The exact mechanism of such 
a dramatic enhancement in Tc is still under debate, but it is 
clearly an interfacial effect, likely related to charge transfer 
from SrTiO3 and interfacial phonon coupling; understanding 
this system could provide guiding principles for rational design 
of high-Tc superconductors.

Additionally, the 1.8% lattice mismatch between graphene 
and hexagonal BN (hBN) leads to a Moiré superlattice with 
a unit cell that is as large as 200 nm;2 therein the dispropor-
tion between flux quantum and the large unit cell of the Moiré 
superlattice46–49 leads to the celebrated Hofstadter butterfly 
fractal spectrum.50

An important effect in heterostructures is the proxim-
ity effect, that is, the “endowment” of new properties onto a 
thin overlayer material by the proximity of a second material 
(Figure 3b). For example, spin–orbit coupling (SOC) is small 
in pristine graphene, but can be made much larger by prox-
imitized graphene with transition-metal dichalcogenide lay-
ers,51–63 thus allowing the creation of devices with controlled, 
spatially varying SOC. The anomalous Hall effect, typically 
present only in ferromagnetic materials, is observed in graph
ene on ferromagnetic insulators.64 Another example is the 
opening of an energy gap in the otherwise gapless electronic 
structure of pristine graphene, by aligning it with hBN and 
breaking the inversion symmetry of the lattice.47 In a techno-
logically relevant case, proximitizing a topological insulator 
with a superconductor gives rise to the formation of Majorana 
zero modes at the interface. Majorana fermions in solid state 
systems are quasiparticle excitations with half-integer spins 
that are their own antiparticles; because they obey non-Abelian 
statistics, they are seen as one of the most promising routes to 
realize topological quantum computing. Such Majorana zero 
modes have been realized in heterostructures consisting of 
superconductor-coupled QSH or nanowire systems that have 
large SOC.65–67

The immense potential for heterostructure creation is fur-
ther highlighted by the rise of “twistronics,”68–71 which uses the 
relative twist angle between two atomic layers to tailor the 
electronic, thermal, and optoelectronic properties (Figure 3c). 
This is exemplified by the breakthrough in twisted bilayer 
graphene, which hosts electronic phases, including supercon-
ductivity, the QAHE, and correlated insulating state at dif-
ferent charge densities.70–74 Strictly speaking, twisted bilayer 

graphene is not a heterostructure; however, twistronics can 
be extended to twisted bilayers of different materials. For 
example, exotic quantum phases are expected in twisted het-
erobilayers, such as WSe2/MoSe2; many of these phases have 
nontrivial topological characteristics, such as QSH, QAH, and 
topological superconductors.75–77 Thus, by judicious choice of 
materials and device architecture, there are almost limitless 
possibilities for exploration of new phenomena and rational 
design of quantum devices.

Topological quantum materials
Topology is a mathematical concept that refers to the prop-
erties of an object that are unaffected by continuous defor-
mation of shape, such as twisting, bending, or stretching. For 
example, an orange is topologically equivalent to a banana, 
but both are distinct from a bagel. In the 1970s, this math-
ematical concept was adopted by physicists to understand, for 
example, the quantum Hall (QH) effect in 2D systems and 
phase transitions in superfluids. In 2016, the Nobel Prize in 
Physics was awarded to Kosterlitz, Thouless, and Haldane for 
their “theoretical discoveries of topological phase transitions 
and topological phases of matter.”

The earliest and most studied topological phenomenon 
is the QH effect.78 In a high magnetic field, electron orbitals 
confined to two dimensions coalesce to form Landau levels 
that are energetically separated by cyclotron gaps. When the 
chemical potential is located between Landau levels, the bulk 
is insulating; at the sample’s edge, however, dissipationless 
one-dimensional (1D) edge states form, giving rise to zero 
longitudinal resistance and Hall conductance that is quantized 
in integer multiples of e2/h, where e is the electron charge 
and h is Planck’s constant (Figure 4a). It can be shown that 
the QH states can be mapped into a topologically nontrivial 
Hilbert space, with a topological invariant number, called 
the Chern number, which is determined by the integral of the 
Berry phase over the Brillouin zone. In QH systems, the time-
reversal symmetry (TRS) is broken by an external magnetic 
field.

It is, however, possible to generate QH-like edge states 
without breaking the TRS.79–88 This groundbreaking idea was 
first proposed by Kane and Mele,79 and also independently 
by Bernevig and Zhang,82,89 and experimentally realized in 
topological insulators found in CdTe/HgTe/CdTe quantum 
wells.90,91 Due to the large SOC in HgTe, the bulk electronic 
band has an inverted gap, that is, the hole-like valence band is 
energetically located above the electron-like conduction band. 
CdTe, however, has a normal gap. At the interface, the inverted 
bands in HgTe must connect smoothly to the normal bands of 
CdTe, thus leading to crossing of these bands at the surface 
(Figure 4b), in this case, the edge. The edge states are gapless 
and enable metallic transport; since their presence is protected 
by the topology of the system, their conduction is immune 
from scattering due to disorder or defects, similar to those at 
the edges of QH systems. These states are called quantum spin 
Hall insulator states in a 2D topological insulator (TI).
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There are, however, important differences between the 
edge states in a TI and in a QH system. QH edge states are 
chiral (i.e., propagating clockwise or counterclockwise in the 
sample). In contrast, due to the preserved TRS, the QSH edge 
states in a TI come in pairs that are time-reversed partners (i.e., 
an edge state with spin up propagates clockwise and another with 
spin down propagates counterclockwise [Figure 4c]). These 
states are known as helical edge states or have spin–momen-
tum locking. One of the most important applications of QSH 
states is topological quantum computation—coupling the 
helical edge states to s-wave superconductors creates Majorana 
zero modes at the interface, which are the building block of 
fault-tolerant quantum computers.

In another major breakthrough in the area, researchers real-
ized that, instead of an external magnetic field, TRS can also 
be explicitly broken by proximitizing with a magnetic layer 
or doping a TI film with magnetic elements92–95 (Figure 4d). 
For instance, in Cr-doped (Bi,Sb)2Te3 thin films, quantized 
Hall conductance of e2/h is observed at an external magnetic 
field B = 0.95–97 In this the so-called quantum anomalous Hall 
(QAH) insulator, the edge states are chiral, similar to that of a 
QH state (Figure 4d). A significant technical challenge is the 
low operating temperature (T ∼ 30 mK in initial experiments, 
∼1 K in subsequent works with further material optimiza-
tion98). More recently, a robust QAHE has been observed in 
intrinsic materials, including in the antiferromagnetic layered 
TI MnBi2Te4,99 in twisted bilayer graphene73 and in aligned 
hBN/trilayer graphene Moiré superlattice.100 QAH insulators 
are highly promising platforms for dissipationless spintronics 
with tunable domain walls or domain boundaries that can be 
manipulated by an electric field.

Today, the study of topological materials, including, but 
not limited to, topological insulators, topological crystalline 

insulators, Weyl semimetals, and topologi-
cal superconductors, is a thriving and ever- 
expanding field, while the concept of topologi-
cally protected transport has been extended to 
the fields of photonics, phononics, mechanics, 
and magnonics. Topological materials are now 
ubiquitous, with many more novel phenomena 
and applications that await exploration.

Strongly interacting quantum 
materials
Strong many-body interactions are at the heart 
of the most spectacular of correlated phases that 
depend on the collective behaviors of charges 
and atoms. Here, we will briefly touch upon two 
systems not discussed in the previous sections: 
quantum spin liquid and exciton condensates.

A quantum spin liquid is an exotic phase of 
quantum magnetism.101–103 For ferromagnets 
and antiferromagnets, the semiclassical pic-
ture is the establishment of long-range order 
of aligned or anti-aligned neighboring spins 

below the transition temperature (Curie or Neél temperature). In 
a quantum spin liquid, however, the strong interactions among 
spins prevents long range spin coherence even at the lowest 
temperature (Figure 5a).104 They exhibit massive quantum 
superposition and an unusually high degree of entanglement. 
This many-body quantum entanglement can support a variety 
of nonlocal excitations that depend on the collective behav-
iors of a large number of spins and charges. One of the most 
famous examples is so-called spinons, which are spin-1/2 
quasiparticles with charge 0. Another example is the anyon, 
found in fractional QH states in 2DEGs, an excitation that 
behaves as if it carries a charge of a fraction of e; anyons obey 
non-Abelian statistics (i.e., they pick up a nontrivial Berry 
phase when circling each other). Prospective applications of 
this rather exotic state of matter include topological quantum 
computation and unconventional high-temperature supercon-
ductivity. There has been much excitement and progress in 
this area, though many questions, both experimental and theo-
retical, await answers.

Excitons are bound pairs of electrons and holes. As a com-
posite particle of two fermions, an exciton is a boson and 
obeys Bose–Einstein statistics. Excitons, therefore, have the 
ability to form a condensate (i.e., with macroscopic occupa-
tion of the lowest energy state). Direct excitons consist of an 
electron in the conduction band and a hole from the valence 
band from the same 2D layer. For indirect excitons, in con-
trast, the constituent electrons and holes originate from dif-
ferent layers, and their lifetime is generally much longer due 
to the physical separation of the electrons and holes. When 
the density is low, excitons behave like free gas molecules 
with weak interaction among neighboring excitons. A boson 
condensate that formed in this low-density regime is called a 
Bose–Einstein condensate (BEC). In the high-density regime, 

Figure 4.  (a) Chiral edge states (red arrows) in a 2D electron gas in the quantum Hall (QH) 
regime in an external magnetic field (B). (b) Formation of surface states at the interface of 
two semiconductors that have normal and inverted bandgap, respectively. Red and green 
represent conduction and valence bands, respectively. (c) Helical edge states (red and green 
arrows) in a quantum spin Hall (QSH) insulator or 2D topological insulator (i.e., a pair of edge 
states that counterpropagate and their spin orientations are locked with their momenta). 
(d) Edge states in a quantum anomalous Hall (QAH) insulator, in this case a 2D topological 
insulator doped with magnetic dopants.
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the excitons are similar to Cooper pairs in superconductors—
the electrons and holes may be physically separated over con-
siderable distance, and the wave function of the macroscopic 
ground state consists of many spatially overlapping electron–
hole pairs. A condensate of these excitons is the so-called 
Bardeen–Cooper–Schrieffer (BCS) type, named after the BCS 
theory for conventional superconductors. Experimentally, ex-
citon condensation of both BEC and BCS types has been real-
ized in coupled quantum wells based on GaAs.105,106

Both BEC and BCS exciton condensations occur in energy/
momentum space. There is another type of exciton condensa-
tion in real space that is similar to the condensation of a clas-
sical gas into a liquid (i.e., condensation of gas-like excitons 
into electron–hole plasma or a liquid-like state, electron–hole 
liquid) (Figure 5b).

More recently, 2D materials and heterostructures provide 
new opportunities for the studies of exciton condensation, due 
to their super strong exciton binding energy that often exceeds 
that of traditional semiconductors by an order of magnitude. 
Such strong binding energy makes possible excitonic quantum 
information processing. Recent studies have demonstrated the  
room-temperature phase transition of excitons, including  
exciton Mott transition and electron–hole liquid (Figure 5b), 
hole liquid,107 exciton Bose–Einstein condensation in graphene, 
and 2D semiconductors43,108 with transition temperature as 
high as 100 K (Figure 5c).109 These new excitonic phases or 
states feature macroscopic quantum coherency and bear great 
promise for applications in QIS.

In this issue
In this issue of MRS Bulletin, we have selected a few topics 
from the broadly defined field of quantum materials and present 

some of the most important developments at 
the intersection of materials science and con-
densed-matter physics.

In their article110 in this issue, Li and Chen 
focus on the unique role of thermal-transport 
properties in quantum materials. They review 
the insights thermal transport can provide for the 
exploration of emergent quantum phenomena, 
particularly those with charge neutral excitations 
that are difficult to probe by electrical trans-
port. Thermal-transport probes of quantum 
spin liquid, pairing symmetry of an unconven-
tional superconductor, and Berry curvature in 
Weyl semimetals are discussed.

Butov’s article111 reviews the Bose–Einstein 
condensation of indirect excitons and quan-
tum phenomena observed in the condensate, 
including interference dislocation, periodic 
spatial modulation greater than lengths up to  
1 mm, long-range spin textures, and Berry phase 
and long-range coherent spin transport.

In their article, Torres et al.112 emphasize 
spintronics and magnetism in 2D materials and 

heterostructures, including 2D magnets, spin-charge conver-
sion, spin–orbit torque, and long-distance spin transport.

The article by Song et al.113 discusses high-Tc supercon-
ductivity at the interface. Compared with bulk superconduc-
tors, the interface at material heterojunctions provides an ideal 
platform for the investigation of many-body physics and the 
search for high-Tc superconducting phenomena.

Finally, the article by Wang et al.114 covers a wide range of 
topological materials, including topological insulators, QAH 
insulators, Weyl semimetals, and Chern magnetic insulators. 
They also discuss future opportunities in the discovery of new 
quantum phenomena and potential applications.

Conclusion
The field of quantum materials is vast and recently fast moving, 
with discoveries of new materials and phenomena announced 
weekly. It is impossible to do justice to this field in a single 
issue. Here, we have touched upon just a few topics and material 
systems, while emphasizing that the scope for materials discov-
ery and tailored device design is almost limitless. Undoubtedly, 
many challenges lie ahead, such as scalable and cost-effective 
manufacturing, uniformity, and interface control of heterostruc-
tures, raising operating temperatures (particularly for quantum 
computation building blocks), and integration with conventional 
Si-based devices. It is the belief and hope of the authors that, 
after being on the center stage for the advent of the digital age, 
quantum materials are now again poised to usher in a new age 
of quantum information science and technology.
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