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Figure 1 (Color online) Crystal and electronic structures of various nickelate compounds. (a) Crystal structure and the 3d electronic configuration of
La,_,Sr,CuO, and La,_,Sr,NiO,; (b) crystal structure of La;Ni,O; and the reduced La;Ni,O; using CaH, [18]; (c) crystal structure of La,Ni;O,, and the
reduced La,Ni;Oq [19]; topochemical reduction [20] of (d) the perovskite phase, LaNiOs;, to (e) the brownmillerite phase, LaNiO, s, and (f) the infinite-

layer phase, LaNiO,.
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Figure 2 (Color online) Crystal structure (a), electronic structure (b)
and synthetic approach (c) of the infinite-layer nickelates (Nd,_,Sr,NiO,)
[50].
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Figure 3 (Color online) Transport characteristics of the nickelate thin
films [50]. (a) The resistivity-temperature curves for the perovskite
nickelate films; (b) the resistivity-temperature curves for the infinite-
layer nickelate films; (c) the temperature-dependent resistivity of a
Nd, sSr,,NiO, film under a varying magnetic field perpendicular to the
sample a-b plane; (d) the voltage signals as a function of temperature in
the pickup coil on a Ndy4Sry,NiO, film, measured using a two-coil
mutual-inductance measurement.
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Figure 4 (Color online) Growth optimization and properties of superconducting Nd, sSr, ,NiO, films [57]. (a) Coexistence of the infinite-layer phase
and a secondary phase when film is thick, revealed by STEM images; (b) the estimation on the film thicknesses by fitting the XRD film peaks, and the
single-phase, single-crystalline films revealed by high-angle annular dark-field and annular bright-field STEM images (left: fitted film thicknesses of
Nd,Sr,NiO; and SrlrO; as compared to the XRR measured thicknesses; middle: cross-section STEM image of (001) SrTiO; cap/Nd,gSr,,NiO;

(9.3 nm)/SrTiO; substrate structure); (c) the XRD spectra, STEM images and the resistivity data of the films grown under different conditions with
varied laser fluences.
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La,_,Sr,CuO, with T, values adapted from ref. [68]; (c) resistivity at
20 K measured for thin film Nd,_,Sr,NiO, as a function of x.
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The discovery and research progress of the nickelate
superconductors

LI DanFeng*

Department of Physics, City University of Hong Kong, Hong Kong 999077, China

The discovery of the nickelate superconductors has motivated the search for new unconventional superconductors,
analogous to cuprates and spurred the revolving interest on the mechanism of high-temperature superconductivity, with
the focus on the relationship between the crystal structure and the detailed electronic structure. This article briefly
reviews the discovery of the nickelate superconductors with the infinite-layer structure, the on-going experimental
efforts, and the evolving understanding of the physics on this new superconducting system. It also discusses the open
questions regarding (but not limited to) the exploration of a whole family of nickelate superconductors, materials growth
issues, physics problems, and immediate research topics/directions in this new field.

nickelate superconductors, infinite layer nickelate, electronic structure, superconducting phase diagram,
transport properties
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