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Fig. S1 SEM images of BTO-CFO nanocomposite films prepared by 6-time (A, B),
12-time (C, D), and 24-time spin coatings (E, F). A pure CFO layer was observed on the
top of the nanotube arrays when the coating number was 12 times or more, though the
tubular pores of BTO NTs were not completely filled with CFO. (G) is a schematic

illustration to describe the progress of CFO deposition.
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Fig. S2 Dark field (DF) images at the BTO (A) and CFO (B) regions in the BTO-CFO
nanocomposite film. HAADF-STEM images and the corresponding fast fourier
transformation (FFT) at the interface region of BTO and CFO in the BTO-CFO
nanocomposite film (C). The BTO and CFO are basically polycrystals, which are
proved by a perfect match between their XRD patterns (Fig. 2) and the powder XRD
data (JCPDS 05-626 (BTO) and 22-1086 (CFO)), but they have epitaxy relationship at
their interface region. The epitaxy relationship of BTO and CFO would contribute to a

large magnetoelectric effect in the nanocomposite film due to seamless strain transfer.
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Fig. S3  Finite element (COMSOL) simulations of deformation of nanocomposite film
(A, B and C) and distortion distribution in CFO components (D, E and F). The modeling
details are as follows: (A and D) The radius and length of CFO cylindrical nanopillars
are 25 and 2000 nm, respectively. The periodicity of the pillars is 150 nm. The other
part of the composite (matrix) is BTO; (B and E) 1000 nm CFO film was on 1000 nm
BTO film; (C and F) 200 nm CFO and 200 nm BTO films are accumulated alternatively
to form multilayer structure. For all models, the substrate material is Ti. The electric
potential of 5 V is applied on the top surface of the composite film, and the bottom of
the film is set to be ground. The largest deformation is observed in the bilayer sample.
On the other hand, the largest distortion is observed in the nanopillar array-based
sample, and almost whole part in CFO nanopillars is largely distorted in the sample. The
large distortion in CFO, which results from efficient strain transfer form BTO to CFO,

leads to large ME effect.
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Fig. S4 Photograph taken during the magnetoelectric effect measurement. The
dielectric property was measured using non-magnetic probes. The probes were attached
to the Ti substrate as a bottom electrode and Ag paste applied on the nanocomposite
film surface as a top electrode. A Nd magnet (surface magnetic flux density: 350 mT)

was placed under the sample to apply an external magnetic field.

Table S1 EDX results of BTO-CFO nanocomposite

Surface | Cross-sec. Cross-sec.
(top) (bottom)
Ba 14.7 9.3 10.3
Ti 12.5 8.8 19.2
Co 4.9 1.9 2.8
Fe 9.5 4.5 4.9
O 54.2 66.9 59.2

Table S2  Coercivity and remnant magnetization values

Remnant Magnetization,

Sample  Configuration  Coercivity (mT) ;
M; (emu cm™)
in-plane 1.57 164
Pure CFO
out-of-plane 1.33 127
in-plane 1.40 193
BTO-CFO
out-of-plane 1.40 199




