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Extended Data Fig. 5| Interfacial lattice structure for strain relaxation. a-Fe,0; (f), In,05(g), NiO (h), and 8-Ga,0; (i). The insets show the zoom-in images
a, STEM image of BaAl,O, grown on Al,O, substrate showing that one atomic oftheinterfacial region at the framed areas. j, Comparison of interplanar lattice
buffer layer of Baatoms can relax the strain. b, ¢, Zoom-in view of the atomic- spacingin c-direction between oxide films and their bulk phases, in which the
scaleinterfacein framed area of (a) and its structural model. d-i, Cross-sectional error bars show the standard deviation of the measurement.

STEM image of oxide film/BaAl,O, heterostructures: YMnO, (d), LiCoO, (e),
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Extended Data Fig. 6 | Identification of the strain relaxation and domain-
matching growth mechanism. Large-area two dimensional RSM measurement
for the BaAl,O, (BAO) film grown on Al,O, (AlO) substrate (a) and the target oxide
films grown on BaAl,0,/Al,05: YMnO; (b), LiCoO, (c), a-Fe,0; (d), In,0, (e),

NiO (f), B-Ga,0; (g). All the grown films show the strain relaxation growth mode.
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h, i, Schematicillustration of the two growth modes for films grown on BaAl,O,,
that s, the single-domain for the hexagonal YMnO; (0001), LiCoO, (0001),
a-Fe,0,;(0001), and formed domains with in-plane 60° rotation for the films of
In,0, (111), NiO (111) and 8-Ga,0, (io 1).
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Extended Data Fig. 7| Characterizing of the freestanding oxide membranes
released from water-soluble BaAl,O, sacrificial layer. a-c, XRD 26-w scans of
LiCo0,, a-Fe,0;and NiO before and after freestanding. d-f, ¢-scan results of
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LiCoO, (5112), a-Fe,0, (1 0 f4) and NiO (001) for the transferred membranes.
g-i, Optical microscopic images of LiCoO,, a-Fe,05, and NiO membranes in the
size of 5mm x 5 mm transferred onto silicon wafer.
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a b
Extended Data Fig. 8| STEM images of YMnO;. a, Cross-sectional STEM image
of YMnO,; (0001)/BaAl,0, (0001) heterostructure film on Al,0; (0001) substrate.
b, Zoom-in view of the framed areain (a). ¢, Zoom-in view of the framed areain

(b).d, Plan view STEM image of the freestanding YMnO, membrane along the
c-direction on copper mesh. e, The corresponding HAADF image and selected
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a b

area electron diffraction pattern of the freestanding YMnO, membranein (d).
f,Zoom-in view of the framed areain (e). g, h, Out-of-plane and in-plane atomic
stacking diagrams of YMnO,/BaAl,O, heterostructure, in which the hexagons are
drawn toindicate the six-fold symmetric plane.
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Extended Data Fig. 9 | Freestanding of the superconducting nitride TiN (111) ofthe TiN membrane. The crack-free TIN membrane demonstrates a very robust
membranes. a, XRD 26-w scans of TiN (111)/BaAl,0, (0001) heterostructure on mechanical resistance. f, Superconductivity in both as-grown TiN film and
Al,05(0001) substrate before and after freestanding. b, ¢-scan results of the transferred membrane on PET.

(002) plane for the freestanding TiN membrane. c-e, Freestanding and transfer
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