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PS mask fabrication process. First, a commercial water solution of polystyrene spheres (PS,
2.5 wt%, diameter = 500 nm) diluted 1:1 by volume with alcohol, was added into distilled water,
to get a monolayer of closely arranged PS on the top surface of the distilled water. Then, the
BFO film was immersed into the solution. Next, the BFO film together with a mono layer of PS
was extracted and dried at room temperature. After that, the top electrodes (Au) were deposited
by thermal evaporation. Finally, the PS template was dissolved by analytical reagent chloroform

and the ordered nanoelectrode arrays were obtained.
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Figure S1. Schematic for the fabrication of well-ordered array of top nanoelectrodes.
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Figure S2. Interface band structure of Au/T-BFO (8nm)/LSMO capacitors at dark: (a,b) I-V
curves plotted as In |Current| vs |Voltage|'’? for negative bias voltages (a) and positive bias
voltages (b). (c) Interface energy profiles of the heterostructure in two opposite polarization

states derived from the above fitting: downward (left) and upward (right) states.

We have wused the Schottky emission equation for the fitting of [I-V curves:
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where ®p the Schottky barrier, and 4 is the electrode area, 4** the effective Richardson
constant, 7T is the Kelvin temperature, 4 is the electron charge, 0 is the vacuum permittivity, éf is
the image force lowering permittivity (slightly larger than the optical permittivity fort), and kg is
the Boltzmann constant.

For the I-V curve i, the polarization is in the Pgqy,, state and the Au/T-BFO barrier is blocking
the current flow. Therefore, through fitting the /-7 curve i to Eq. (1), the barrier height ®g; can
be extracted. Using the same way, the barrier heights ®g,, ®g3, and Pp,4 can also be obtained.
The asymmetric modulations of polarization on the barrier heights may be due to the different
dielectric constants and/or screening lengths of the metal electrodes. The effect of P on ®p can be

described as (Pantel et al., Phys. Rev. B 82, 134105 (2010)):
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where AQg; is the barrier height variation due to the imperfect screening of polarization, Qs is the
screening charge, /; is the screening length and &y is the dielectric constant of the metal
electrode. As can be seen From Eq. (2) and (3), the variable parameters that determine the ADg;
are the /; and ¢y;. Because the two electrodes are different, i.e., Au and LSMO, the variations of

barrier heights at the two interfaces can also be different.



According to Eq. (1)-(3) in this letter, a large P, leads to a large modulation on the barrier
height Adg;, which is beneficial for both the electroresistance ratio and the photovoltage. This is
supported by our observation that large on/off ratio in T-BFO than R-BFO with the same

thickness, which also agrees with previous reports.
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Figure S3. (a) Fitting of the /-7 curves for the 2.5-nm film using the tunneling model. (b)
Schematic potential energy profiles of the Au/BFO (2.5 nm)/LSMO heterostructure in different
polarization states.

The tunneling model given by Gruverman et al. (Nano Lett. 9, 3539-3543 (2009)) is used to
simulate the /-V curves of the 2.5-nm film:
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where C =—(4em)/ (97°h’), (5)
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and a(V)=[4d(2m)"” |/[3h(®, +eV - D,)]. (6)

In Egs. (4)-(6), ®, and @, are the potential barriers at the Au/BFO and BFO/LSMO interfaces,

respectively, m is the effective tunneling mass and d is the barrier thickness. As clearly seen in
Figure S5, the tunneling model can fit the /- data of the 2.5-nm film fairly well.
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Figure S4. Photovoltaic properties for the Au/T-BFO (8nm)/LSMO capacitors with various
lateral sizes: (a) Open-circuit voltage V,. and (b) short-circuit current density J;.. The light was

turned on and off alternatively during the measurement.
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Figure S5. Interface band structure of Au/T-BFO (8nm)/LSMO capacitors under light

illumination: (a,b) I-V curves plotted as In |Current| vs [Voltage|'? for negative bias voltages (a)

and positive bias voltages (b). (¢) Interface energy profiles of the heterostructure in two opposite

polarization states derived from the above fitting: downward (left) and upward (right) states.



