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SUPPLEMENTARY INFORMATION



Table S1, summarizes the Raman shift of the phonon mode of BFO in BFO-CFO/mica,
showing that the A1z mode is shifted to the lower wavenumber in comparison with the result
from BFO-CFO/STO indicating a weak enforce from mica substrate release the OOP strain
of BFO pillars.! In contrast, a low wavenumber shift of the phonon modes of CFO (A, and
T1, modes) describes an increasing of its OOP tensile strain.!” On the other hand, the phonon
modes of CFO also shift to high wavenumber (Eg, Ti1g, A1z modes) which might be indicate
any releasing of OOP strain by mica substrate.! The distortion of CFO crystal structure might
be unstable under the influence of defects or BFO pillars embedded in the CFO matrix which
may affect the distribution and symmetry of octahedral and tetrahedral sublattices of spinel
CFO, thus, CFO phonon modes are varied and shift to lower and higher wavenumbers under

constraint.

Table S1. The peaks of Raman spectrum indicates each BFO and CFO modes

mode | BFO-CFO/mica(cm™) | BFO-CFO/STO(cm™)
Az | 169.59 170.52
BFO Aig 218.17 223.43
Eg 309.74 308.73
Tig 470.72 470.44
CFO [T, | 5736 577.06
Az | 624.46 622.63
Aig 692.63 695.34
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Figure S1. Raman spectroscopy of BFO-CFO/mica and BFO-CFO/STO shows slightly

different Raman shift due to different strain states imposed by mica and STO substrates.

The spectroscopy mapping of PFM exhibits a contrast of electric polarization switching of
BFO pillars shown in red/yellow color signals, while CFO matrix shown in blue color
signals. The piezo-response signal of BFO pillars is suppressed via strain coupling with the
CFO matrix when the 2000 Oe magnetic field is applied (right hand side). This further
confirm of the strong magnetoelectric via structural coupling between CFO matrix and BFO

pillars.
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Figure S2. The PFM mapping with spectroscopy of BFO-CFO/mica. The contrast
(red/yellow) indicates a piezo-response of BFO pillars has changed with an applied magnetic

field of 2000 Oe (right hand side).

The piezoresponse of BFO-CFO/mica is small at the below room temperature because at
low temperatures, electrons movement is slow and lattice vibrations are small, as well. Thus,
the applyed AC voltage cannot induce maximum elongation of the lattice in the PFM
measurement. This is also reflected in the decreasing of the magnetoelectric coupling with

decreasing temperature.
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Figure S3. (a) Macroscopic and (b) Microscopic magnetoelectric measurement of BFO-

CFO/mica at low temperatures.

The transversal MES (a31) as the variation of bending radius is further tested, the azi
remains even under a small bending radius of 5 mm as shown in Figure S4. A permanent
damage of the sample at the bending radius of 4 mm can be detected when the

magnetoelectric coupling behavior vanishes.
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Figure S4. The transversal macroscopic magnetoelectric measurement of BFO-CFO/mica at

various bending conditions.

The microscopic magnetoelectric measurements for various bending cycles under a bending
radius of ~7 mm have been carried out to check the recoverability of ME coefficient as
displayed in Figure S5. Top panel shows ame as a function of bending cycles calculated from
the converse dsz (bottom panel) with and without magnetic field. The result shows a small
variation of the amve up to 1000 bending cycles indicating that the ME coupling of this system

IS robust against mechanical bending.
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Figure S5. The microscopic ame in various bending cycles (top panel) calculated from

converse ds3 with and without magnetic field (bottom panel).
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