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Figure S1. X-ray diffraction patterns of the mica substrate, and Mn:NBT-BT-xST/Pt/mica 

heterostructures (x=0.30, 0.45, 0.60, 0.75).



3

Figure S2. Weibull distributions and the fitting lines for the dielectric breakdown strengths of 

Mn:NBT-BT-xST (x=0.30, 0.45, 0.60, 0.75) film capacitors.

The characteristic dielectric breakdown strength (Eb) of Mn:NBT-BT-xST thin films were 

studied by Weibull distribution according to the following equations:
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where Ei is breakdown electric field for each specimen arranged in an ascending order of E1 ≤ 

E2 ≤ … Ei … ≤ En, i is serial number of specimens, and n is the total number of specimens. 

Based on the Weibull distribution function, there should be a linear relationship between Xi 

and Yi. The average Eb for each film can be extracted from the intersect points of the fitting 

lines and the horizontal line. As displayed in Figure S2, the slope parameter , related to the 

scatter of Eb data, increases from 8.11 at x=0.3 to 12.92 at x=0.75, indicating an enhancement 

in dielectric reliability by ST incorporation. The Eb are calculated to be 2540, 2820, 3131 and 

3441 kV cm-1 for the x=0.30, 0.45, 0.60, and 0.75 films, respectively. 
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Figure S3. The bipolar P-E loops measured from low electric field to Eb, and corresponding 

Pr and Pm as functions of applied electric field for the Mn:NBT-BT-xST film capacitors: a) & 

e) x=0.30; b) and f) x=0.45; c) & g) x=0.60; d) & h) x=0.75.

Figure S4. a) The εr and tan as functions of temperature measured at frequencies from 1 kHz 

to 1 MHz for the Mn:NBT-BT film capacitor. b) Characterization of γ using the modified 

Curie-Weiss equation. The depolarization temperature Td for Mn:NBT-BT film is ~90 °C, and 

the maximum εr occurs at ~280 °C (Tm). Using the modified Curie-Weiss relationship, the 

diffuseness parameter γ of the Mn:NBT-BT film is estimated to be 1.31, indicating a certain 

degree of relaxor state in film.
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Figure S5. The unipolar P-E loops of the Mn:NBT-BT-0.45ST film capacitor measured under 

1875 kV cm-1 from 500 Hz to 20 kHz at room temperature.

Figure S6. The unipolar P-E loops of the Mn:NBT-BT-0.45ST film capacitor measured under 

1875 kV cm-1 &10 kHz at intervals of 25 C in the temperature range of -100-200 C.
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Figure S7. The plots of leakage current density-electric field for the Mn:NBT-BT-0.45ST 

film capacitor at -100-200 C.

Figure S8. a) The unipolar P-E loops, and b) corresponding Pr and Pm as functions of 

switching cycle during the 108 charging-discharging cycles of the Mn:NBT-BT-0.45ST film 

capacitor at room temperature.
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Figure S9. a) The room-temperature unipolar P-E loops, and b) corresponding Pr and Pm as 

functions of time during the 103 s retention for the Mn:NBT-BT-0.45ST film capacitor.

Figure S10. The discharged voltage to a loading resistor (RL) as a function of time of the 

Mn:NBT-BT-0.45ST film capacitor, which was measured by a specially designed resistance-

capacitance (RC) circuit with RL of 100 kΩ.
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Figure S11. The leakage current density-electric field plots of the flexible Mn:NBT-BT-

0.45ST film capacitor measured with various compressive and tensile bending radii.

Figure S12. The time-dependent discharged voltage at various radius of curvatures of the 

flexible Mn:NBT-BT-0.45ST film capacitor at 1875 kV cm-1 and room temperature.



9

Figure S13. The leakage current density-electric field plots of the flexible Mn:NBT-BT-

0.45ST film capacitor measured in its original flat state, and reflattened after various 

compressive/tensile bending cycles at 4 mm radius.
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Table S1. Comparisons of the energy storage property for the Mn:NBT-BT-0.45ST film 
capacitor and some reported representative organic capacitors.

materials E
(kV/cm)

Pmax-Pr

(C/cm2)
Wrec

(J/cm3)


(%)
T

(C) Bending test Ref

VDF/PVDF 8200 ~14.2 27.3 67 <85 - [1,2]
P(VDF-TrFE-CTFE) 4000 ~10 9 - <150 - [3,4]
P(VDF-TrFE-CTFE)/

P(VDF-HFP) 6000 21.9 ~65 [5]

BT@BN/PVDF 6000 ~6 17.6 ~53 [6]

Mn:NBT-BT-0.45ST 2813 69.3 76.1 80.0 -100~200 r=2mm
or 104 at r=4mm This work
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