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Fig S1 (a) Leakage current of the BHT thin films as a function of electric field under 
different temperature. Linear fittings of the temperature-dependent leakage currents to 
extract thermal activation energies (Ea) based on (b) Schottky emission and (c) P-F 
emission mechanisms. (d) Plots of Ea values to extrapolate the barriers height (ΦP-F and 
ΦSchottky). The fitted mathematical formulas and interpretations of the mechanisms can 
be found in ref 1. [1]



Fig S2 (a) Leakage current of the BT-BMZ thin films as a function of electric field 
under different temperature. Linear fittings of the temperature-dependent leakage 
currents to extract thermal activation energies (Ea) based on (b) Schottky emission and 
(c) P-F emission mechanisms. (d) Plots of Ea values to extrapolate the barriers height 
(ΦP-F and ΦSchottky). The fitted mathematical formulas and interpretations of the 
mechanisms can be found in ref 1. [1]



Fig S3 P-F barrier height and Schottky barrier height of parent materials BHT and BT-

BMZ.



Fig S4 (a) XRD theta-2theta result of the BHT, Peak Type, Valley-1 and BT-BMZ 
films. (b) Phi-scan result of the BHT, BT-BMZ, Valley-1, Peak type thin films and 
corresponding substrate around. Cross-sectional STEM images of (c) the Peak Type 
and (d) the Valley-1 multilayer thin films.



Fig S5 Fittings of leakage current density of the BHT, Peak Type, Valley-1 and BT-
BMZ thin films based on conduction mechanism of (a) ohmic conduction and space 
charge limited conduction (SCLC), (b) P-F emission, and (c) schottky emission. (d) 
Fittings of leakage current density of the Valley-1.5, Valley-1, Valley-0.5 thin films 
based on conduction mechanism of Ohmic conduction and SCLC.

The first stage (0~0.84 MV/cm) of BHT thin films fitted slope closer to 2 like SCLC 
conduction mechanism. Considering the carrier of SCLC mechanism normally exceeds 
that of Ohmic mechanism, we supposed the defects in the films induce the “SCLC-like” 
behavior in the first stage. 



Fig S6 Leakage current density of (a) the Valley-1 and (b) Peak Type films as a function 
of electric field under different temperature. Linear fittings of the temperature-
dependent leakage currents to extract thermal activation energies (Ea) based on (c)(e) 
P-F emission and (d)(f) schottky emission mechanisms.



Fig S7 Plots of Ea values to extrapolate the barriers height ΦP-F for (a) the valley-1 film, 
(c) the Peak Type film, and ΦSchottky for (b) the valley-1 film, (d) the peak Type film.



Fig S8 RSM results of (222) diffraction spots for the BHT, Peak Type, Valley-1 and 
BT-BMZ thin films. 

We calculated the lattice constant in Table S1 according to their asymmetric RSM 
patterns in Fig S8. The out-of-plane lattice constant of Peak Type (2.94 Å) are larger 
than that of BHT (2.91 Å), BT-BMZ (2.92 Å) and Valley-1 (2.91 Å). The in-plane 
lattice constant are 3.905 Å for NSTO, 4.12 Å for BHT and 4.03 Å for BT-BMZ. The 
larger expansion out-of-plane lattice constant of Peak Type should be attributed to the 
larger in-plane lattice mismatch between BHT and NSTO. According their in-plane 
lattice constant BHT>BT-BMZ>NSTO, the valley-type multilayer thin film exhibit 
lower mismatch which could benefit to less defects in the Valley thin films than Peak 
Type. The less defects of Valley-1 can prevent the domain pinning of defect and 
benefits its maximum polarization. 



Fig S9 Unipolar P-E loops for the films of (a) BT-BMZ, (b) BHT, (c) Valley-1 (d) 
Peak Type (e) Valley-0.5 and (f) Valley-1.5 at 1 kHz under room temperature.



Fig S10 Unipolar P-E loops for the films of (a) BT-BMZ, (b) BHT, (c) Valley-1 and 
(d) Peak Type at 1 kHz at different temperature (-100 - 200°C).



Fig S11 (a) Leakage current density as a function of temperature under 1.5 MV/cm for 
BHT, BT-BMZ, Valley-1 and Peak thin films. (b) Dielectric constant and dielectric loss 
of BHT, BT-BMZ, Valley-1 and Peak thin films as a function of temperature under 1 
kHz frequency.



Fig S12 Discharge energy density as a function of time for the Valley-1 film (Charge 
electric field is 5.26 MV/cm, RL=10 kΩ).



Table S1
d(001) (Å) d(110) (Å)

BHT 4.12 2.91
Peak Type 4.04 2.94
Valley-1 4.04 2.91
BT-BMZ 4.03 2.92
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