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            Abstract
Recent advances in materials fabrication have enabled the manufacturing of ordered 2D electron systems, such as heterogeneous interfaces, atomic layers grown by molecular beam epitaxy, exfoliated thin flakes and field-effect devices. These 2D electron systems are highly crystalline, and some of them, despite their single-layer thickness, exhibit a sheet resistance more than an order of magnitude lower than that of conventional amorphous or granular thin films. In this Review, we explore recent developments in the field of highly crystalline 2D superconductors and highlight the unprecedented physical properties of these systems. In particular, we explore the quantum metallic state (or possible metallic ground state), the quantum Griffiths phase observed in out-of-plane magnetic fields and the superconducting state maintained in anomalously large in-plane magnetic fields. These phenomena are examined in the context of weakened disorder and/or broken spatial inversion symmetry. We conclude with a discussion of how these unconventional properties make highly crystalline 2D systems promising platforms for the exploration of new quantum physics and high-temperature superconductors.
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                    Figure 1: Evolution of the thickness of 2D superconductors since 1980.[image: ]


Figure 2: 2D superconductivity in deposited metallic thin films.[image: ]


Figure 3: Superconductivity at oxide interfaces.[image: ]


Figure 4: Superconducting atomic layers of Pb, In and FeSe grown by molecular beam epitaxy.[image: ]


Figure 5: Atomically thin superconductors based on exfoliated 2D crystals.[image: ]


Figure 6: Electric-field-induced superconductivity in 2D crystals.[image: ]


Figure 7: Metallic ground state in ion-gated ZrNCl.[image: ]


Figure 8: Quantum Griffiths singularity in a superconducting Ga crystalline thin film.[image: ]


Figure 9: Superconductivity protected by spinâ€“valley locking in ion-gated MoS2 and NbSe2 bilayers.[image: ]
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