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Lattice parameter and strain calculations

The out-of-plane lattice parameter (c) of the films was determined from the d-spacings of 
symmetric (00l) reflections. Specifically, cfilm values calculated from the (004) and (008) peak 
positions were averaged. The in-plane lattice parameter (a) was determined from reciprocal space 
maps (RSMs) by fitting the peak-center positions (qx and qz) for epitaxially related hkl reflections 
from both the substrate and the film. The extracted qx values were used to calculate afilm according 
to

(1)

afilm = [(qx (sub)

hsub
)

(qx (film)

hfilm
)] × asub

, which reduces to afilm = (qx,sub / qx,film) × asub when the same in-plane index is used for the film 
and substrate peak.

The in-plane strain was calculated as

 (2)
𝜀 =

𝑎film ‒ 𝑎bulk

𝑎bulk
× 100%   

The same procedure was used to determine the in-plane lattice parameter of the SCAO sacrificial 
layer, aSCAO, enabling identification of whether the film was coherently strained to the sacrificial 
layer (qx,film ≈ qx,SCAO) and whether the sacrificial layer remained strained to the substrate (qx,SCAO 
≈ qx,sub).



Figure S1. Representative XRD RSMs around the substrate STO (103) reflection for SAO  
layers grown epitaxially on STO. (a) 30 nm-thick SAO and (b) 120 nm-thick SAO.



Figure S2. X-ray diffraction analysis of epitaxial SCAO sacrificial layears.  (a) Out-of-plane 
θ-2θ scans of SCAO sacrificial layers grown epitaxially on STO and LAO substrates. The * and O 
symbols denote the STO and LAO (00l) peaks, respectively. (b-d) Magnified θ-2θ scans around 
the substrate (002).



Figure S3. Structural characterization of transferred oxide membranes on Si. (a) Out-of-
plane θ–2θ scans of LSCO, LCNTO, STO, LSCuO, and STNNO membranes transferred onto Si. 
Well-defined (00l) reflections from each membrane confirm retention of the epitaxial out-of-plane 
orientation after transfer. (b) Representative SEM image of a transferred STO membrane on Si, 
demonstrating large-area transfer with high uniformity and minimal visible surface defects. Scale 
bar: 500 μm.



Figure S4. X-ray diffraction analysis of epitaxial reference films and transferred oxide 
membranes.  (a) Out-of-plane θ-2θ scans of relaxed epitaxial STNNO, LSCuO, STO, LCNTO, 
and LSCO layers grown on LSAT substrates. (b) Out-of-plane θ–2θ scans of STNNO, LSCuO, 
STO, LCNTO, and LSCO membranes transferred onto sapphire. The * symbol indicates substrate 
(00l) reflections.



Table S1. Lattice mismatch between the sacrificial layers and the substrate materials. 

Sacrificial 
layer abulk (Å) Thickness 

(nm) Substrate (Å)
Lattice 

mismatch 
(a-b plane)

In-plane strain
(%)

3.961 120 STO, a = 3.904 2 ~ -1.5 % 0
Sr3Al2O6 (SAO) 1

3.961 30 STO, a = 3.904 ~ -1.5 % -1.46

Sr2CaAl2O6 
(S2C1AO) 3 3.907 120 STO, a = 3.904 ~ 0.1 % 0.07

SrCa2Al2O6 
(S1C2AO) 4 3.852 30 LAO, a = 3.780 5 ~ -1.9 % -1.89

Ca3Al2O6 (CAO) 6 3.819 120 LAO, a = 3.780 ~ -1.1 % -1.03



Table S2. Lattice mismatch between the films and strain-controlled sacrificial layers. 

Materials abulk (Å) cbulk (Å) Sacrificial 
layer (Å) Sub. In-plane 

strain (%)

Sr0.95Ti0.76Ni0.05Nb0.19O3 
(STNNO) 7, 8 3.941 3.941

Relaxed SAO
a = 3.961 STO 0.5

La0.7Ca0.2Ni0.25Ti0.75O3 (LCNTO) 
9, 10 3.924 3.924

Relaxed S2C1AO
a = 3.907 STO -0.5

SrTiO3 (STO) 2 3.904 3.904
Strained SAO
a = 3.904 STO 0

La0.8Sr0.2CoO3 (LSCO) 11 3.851 3.851
Strained S1C2AO
a = 3.780 LAO -1.87

La1.85Sr0.15CuO4 (LSCuO) 12 3.770 13.232
Strained CAO
a = 3.780 LAO 0.26
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