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Fig. S1 The -cross-sectional scanning electron microscope images of BZT/Nb:SrTiO;

heterostructure.

Fig. S2 Cross-sectional HAADAF TEM images of (a) the Pt/BZT/NSTO; (b) the Pt/BZT interface;
(c) the BZT/NSTO interface. The arrows in the Fig. S2b mark the interfacial layer at the interface

of the BZT.

The interfacial layer (~1.5nm) between the BZT films and the Pt electrodes were
generated by the high-energy platinum ion impact damage, since the Pt electrodes were
fabricated with highly energetic growth processes (DC sputtering), as shown in the Fig.
S2b. Besides, from the Fig. S2a, there exists a stress relaxation layer (~1.5nm) in the
BZT films. And the enriched defects were found in the relaxation layer, as shown in
the Fig. S2c. Therefore, the total thickness of the interfacial layer was about 3nm.

We have estimated the dielectric constant of the bulk films and the interfacial layer



by fitting the ‘d/e - d> curves, as shown in the Fig. S3 and Table S1. The d and € are
the thickness and the dielectric constant at 1 kHz of the BZT films respectively. The

calculation formula was show below:
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where the de, ge, d; and i are the bulk dielectric film thickness, the dielectric constant

of the bulk dielectric film, the interfacial layer thickness and the dielectric constant of

the interfacial layer of the BZT films, respectively.!
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Fig. S3 The d/c at 1 kHz as a function of the BZT thickness from the 20nm to 440nm.
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Fig. S4 Current-voltage characteristics of the 440nm-thick and 290nm-thick BZT films in this work.
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Fig. S5 Current-voltage characteristics of (a) the 20nm-thick and 40nm-thick BZT films in this

work, (b) the 80nm-thick to 440nm-thick BZT films in this work.
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Fig. S6 The unipolar P-E loops under different electric field at 1 kHz at room temperature of various

thickness BZT film capacitors from 20nm to 40nm.
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Fig. S7 Temperature dependence of dielectric permittivity and dielectric loss at various frequencies

for BZT film capacitors with thicknesses in range from 20nm to 40nm.
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Fig. S8 The unipolar P-E loops measured under 4.0MV/cm at 1 kHz (a) at different temperature of
the 440nm-thick BZT film capacitors; (b) at 200 C with different fatigue cycles state of the 440nm-

thick BZT film capacitors.



Table S1 The calculation results of the bulk dielectric film dielectric constant () and the dielectric

constant of the interfacial layer (57).
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Table S2 Comparison of the energy storage density (W,..) and energy efficiency () at room

temperature among the 440-nm-thick BZT film capacitors and other representative promising

ceramic -
Materials n
(J/em?)
This work BZT/NSTO 78.7 80.5%
Bi; 5ZngoNby 35Tag 1506 2! 40.2 80%
0.4BiFe03-0.6S1Ti0; [3] 18.6 85%
Pb-Free
Hf 3Zr, 70, 4 46
0.88BaTi05-0.12Bi(Mg, Ti)Os 5! 37 -
Pby 92129 08710 5:Tig 4303 °] 85 -
Pby 962004710 08 Tig. 0203 "} 61 33%
Bi(Ni;;,Ti;,)O03-PbTiO5!®! 45.1 43.4%
Pb-Based
Pb0.35B30‘05L30‘1()Zr0.90Ti0.1()O3 (9] 423 68%
Pby sBag,ZrO; 19 40.2 64.1%
Pbo.97Y 0.02[(Z10.6S10.4)0.925Ti0 075] O3 ['1] 21 91.9%

dielectric oxide film capacitors reported previously.
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