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superconducting family after copper-based superconductors and iron-based superconductors, and have
been a research hotspot in the fields of superconducting materials and physics in recent years. Among
them, ambient-pressure nickelate superconducting thin films have attracted significant attention due to
their convenience in physical research and potential future applications. This review summarizes recent
advances in the study of nickelate superconducting thin films under ambient pressure, with a focus on
film synthesis, property modulation, and mechanistic investigation of infinite-layer and bilayer
Ruddlesden-Popper (RP) phase nickelates. We systematically analyze the characteristics and
applicability of key fabrication techniques, including pulsed laser deposition (PLD), oxide molecular
beam epitaxy (OMBE), and gigantic-oxidative atomic-layer-by-layer epitaxy (GOALL-Epitaxy). The
research results demonstrate that through multi-element doping and strain engineering, the
superconducting transition temperature of infinite-layer nickelate film has been enhanced to nearly 40
K. Moreover, bilayer RP nickelate thin films have achieved superconducting transitions with onset
temperatures exceeding 60 K at ambient pressure, exhibiting zero resistance, complete diamagnetism,
and unconventional superconducting phase diagrams. We provide a outlook regarding the further

development of nickelate thin film fabrication technologies, the discovery of novel material systems,

and the elucidation of their microscopic pairing mechanisms.

Key words: nickelate thin film; film growth; unconventional superconductivity
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Fig. 1 The discovery time of typical superconductors and their critical temperaturesm
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Fig. 9 Crystal structure and superconductivity of La;Ni,O; single crystal[m. (a) Schematic diagram of crystal structure; (b) variation of
the Ni—O—Ni bond angle with pressure; (c) phase diagram of superconductivity
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Fig. 10 Characterization of electrical transport and microstructure of La;Ni,O, films. (a) Resistivity data of samples on various

substratesm; (b) resistivity data of the films grown on SLAO substrates[34]; (c) STEM image
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Fig. 11 Physical property and structure characterization of La,¢sPrysNi,O, films grown by ALL-MBE on SrLaAlO, substrate .
(a) Resistivity-temperature curves in the whole temperature range; (b) resistance data near the onset transition. The black and grey

arrows indicate the onset transition temperature and the McMillan limit respectively; (c) the variation of resistivity with T
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versus T curve; (f) schematic diagram of a two-coil mutual inductance

setup; (g) the results of mutual inductance diamagnetism measurements; (h) STEM image of a La, 4sPr, ;5sNi,0,/SrLaAlO, sample

3.2 SriZZH) 327 HEE

W2 A ALY BA H La 5d B0 1 Ni 3d B
Fa R Bk AR ) 225 L 254, o, ST 3d: B
) 2 TR AL BN R 75 8 SR ke S = 7
PRSI IT 26 B« 5 rh %) R 40 AR 25 DL 3. B
Ry A ] D), T POKEE M (Ep) ; SR, &5
FAB AT y W LS B A3, KT
R R S R AT O . Bk 5 EE Y
La;NLO, TE08 - & J@ B 24 )5, 76 = & T B R RN
RIS PLE 2025 4F, #E AL AT A
% Ffl OMBE # &, 454 RHEED J& {vi S2 i i 5 X
B AT 5 (X-ray diffraction, XRD) A, &7 T &k
FEA AR LA HE S8 2 A5 i, - i el )i
JEUTRRT 2 R o7 S AGR K, 7E SLAO #bJie_E iy il
% W B B Y Sr 824 La, SrNi,O, & R PR,

g 12(a) Fion, SAEBAFE MY T, 250 42K,

e BRI 0T 5 9 T #E% T B9 R-T IR LL, £
N HE 7R T Lay 9,Sr0,09Ni, 0, W La 4Sry,NiO,
FE S B R R BRI PR e R A 12(b)
IR, BN B IR i T AR &R 1 B0R 1B 4
AR IR, FL T B A il B 5 AN S8 4 R TR o0 A - 7
FTEB LI (0 < x < 0.21) T, 35 A VT (1 BUH,

BEJSTE x = 0.38 BT FRERZE . X —4FE B X 5]
T B A v ok s o AR AR R T
ML SERERY S TE A . & 12(¢) 2 Lay 7681, Ni,O,
Y STEM [B1MR . WF5¢ &3 WiREAE SLAO
RIS AR ST T 2 2% 1Y R 4 N AR, 3 E
Ni—O R &R A2 AL N Ni—O 4%, 1
A Ni—O K 2 4%, S Z5 A8 H] 55 1 )=
(] d. 913 R 5 5 BB, Sy L S B AR o

021101-12



M, S W R A YR S R AT S R e B

a) 0.6 = b
® Tom~22K_A10 ®) Metallic La, StNi,O,
°Y S 40 . ] Toos
109 1t = Tesm
=04t V10T, .
8 4030, ~ 0 y [ :
: TK_: O .
c S T 0.1 LSNO327 & ‘
- £ = E
\\-/i 02 38 K/ i -0.2 20¢
’ < 03t . ¥ 'y Weakly
< NN uperconducting . .
0 50 100 150 200 K insulating
k| | St s, =
0k, SR . . . oL, . . . .
0 50 100 150 200 0 0.1 02 03 0.4
TIK Sr doping x
oLa,Sr Nj -
(©) La, Sr Ni-O -Al
TC

12 Lay Sty 0Ni, O, R S PRI H ™ . (a) HBEL SR BETRL BE (1735 1 (b) 4B 20t 168 S HTP; (c)STEM %

Fig. 12 Superconductivity and microstructure of a La,,,Sr;Ni,O; film"™. (a) Temperature-dependent resistivity; (b) doping-

dependent superconducting phase diagram; (c) STEM image
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Fig. 14 Electronic structure of 327 phase thin films. First-principles calculated band structures of La;Ni,O, under (a) ambient pressure
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Table 2 Summary of preparation technology for the nickelate

superconducting thin film
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