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https://www6.slac.stanford.edu/news/2019-08-28-first-report-superconductivity-nickel-oxide-material
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Target

UV-laser

Topotactic reduction engineering

H. Y. Hwang et al., Nat. Mater. 11, 103 (2012). annealing at ~240 – 280 oC with CaH2

Atomic scale precision heterostructure synthesis (pulsed laser deposition)



Cooperative Jahn-Teller distortions in correlated systems

Colossal magnetoresistance High Tc superconductor

J.G. Bednorz and K.A. Miiller, Z. Phys. B - Condensed Matter 64, 189-193 (1986).

Y. Tokura, Rep. Prog. Phys. 69, 797–851 (2006).

“Hole doped”

La2-xBaxCuO4
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What if in 2D?



Dramatic in-plane superlattice modulations in CaCoO2 thin films
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Nd0.8Sr0.2NiO2

≠

K. Lee et al., APL Materials 8, 041107 (2020).

Scanning transmission electron microscopy measurements show a distinguishable atomic 

arrangement from the normal infinite layer structure.



Å ngstrom scale atomic displacements in CaCoO2

Symmetry group: P4212

2 2at × 2 2at × ct (a = b = 2 2at = 10.78 Å  and c = ct = 3.27 Å ) 



Structural refinement of the oxygen positions

Grazing incidence X-ray diffraction

*Rietveld method (Least squares method)
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Why are only 25% of CoO4 site strongly Jahn-Teller distorted?

9

Geometric frustration from the Ca layer 

- strong coupling due to absence of apical oxygen 
2022 MURI Meeting
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Refined 

structure

L. Pauling J. Am. Chem. Soc. 57, 2680–2684 (1935).P. Schiffer et al., Phys. Rev. Lett. 75, 18 (1994).



Nickelate superconductor

X. X. Wu et al., Phy. Rev. B 101, 060504(R) (2020).

CaCuO2

• CuO2 square planes

• 3d9 electronic configuration (Cu2+)

Infinite-layer LnNiO2

• NiO2 square planes

• 3d9 electronic configuration (Ni1+)
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D. Li. et al., Nature 572, 624 (2019).

Discovery of nickelate superconductors

X. X. Wu et al., Phy. Rev. B 101, 060504(R) (2020).



‘Intrinsic’ or ‘extrinsic’ transport behavior?

Crystalline imperfections

[1] D. Li, B. Wang et al., Phys. Rev. Lett. 19, 381 (2020)

[2] S. Zeng et al., Phys. Rev. Lett. 125, 147003 (2020)

[3] Y. Li et al., Front. Phys. 9, 719534 (2021)

[4] Q. Gao et al., Chinese Phys. Lett. 38, 077401 (2021)
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Nd0.8Sr0.2NiO2

5 nm



Reducing the lattice mismatch for better sample quality: SrTiO3 → (LaAlO3)0.3(Sr2TaAlO6)0.7

Crystalline imperfections

5 nm

5 nm



Intrinsic superconducting phase diagram of infinite later nickelate 

Crystalline imperfections

5 nm

5 nm

h/e2 per 

NiO2 plane

• Normal state resistivity (at T = 20 K) for film on LSAT become lower than that for film on STO.

• Superconducting dome width become larger.



Summary and outlook

✓ Infinite layered cobaltate is a new compound for realizing the first 2D-JTE 

with strong inter-layer coupling.

✓ This gave us a broad understanding how Jahn-Teller order in 2D-lattice 

affect its lattice and electronic structure.

✓ Nickelate study is a good example stressing importance of thin-film quality 

to study intrinsic transport properties.

✓ Superconducting phase diagram of nickelate provide an insight on 

underlying pairing mechanism.

→ Topotactic engineering opens the new material platform for novel ground 

states.

CaCoO2

(Nd,Sr)NiO2

W. J. Kim et al., Nature 615, 237-243 (2023).

K. Lee, W. J. Kim and H. Y. Hwang et al., Nature 619, 288-292 (2023).
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