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The dielectric constant of NBT ceramics was used to approximate the dielectric constant of
NBT whiskers. We prepared the NBT ceramic sheet by isostatic pressing and tested its

dielectric properties via E4990A, as shown in Fig. S1.
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Fig. S1. Frequency dependency of dielectric constant of NBT ceramic.

Fig. S2. SEM images of the surfaces of (a) the inner layer and (b) the outer layer

of sandwich-structured NBT/PVDF composite films.



10 12
(a) ——1 kHz ——10 kHz (b) ——1 KkHz ——10 kHz
=100 kHz 1 MHz 10} =100 kHz 1 MHz
sl
M- PVDF 6f 0-3-0
0.4 04
. 03+ 031
= )
g0z s 0zt
= 4 g@g
00 . . . . \ . 0.0
-0 =75 -50 -25 o 25 50 75 -100  -75 -50 -25 0 25 50 75
Temperature (°C) Temperature (“C)
14 15 20
(c) ——1 kHz =10 kHz (d) ——1 KkHz ——10 kHz (8) [ —1 wz — v wxz
12 ¢ =100 kHz =1 MHz e 100 kHz =1 MHz e |00 kHz =1 MHz
- o3 o
8 0-6-0 i1 0-9-0 12 0-12-0
0.4 04 0.4
03F 0.3 03t
o ‘g oy
§ 02F 3 0.2 ;- 0.zt
0.0 . i . : n . 0.0 " . . ; i 3 0.0
-100 0 -75 -50 -25 0 25 50 s -100  -75 -50 -15 0 25 50 75 -100 0 -75 -50 -25 ] 25 50 75
Temperature ("C) Temperature ("C) Temperature ("C)

Fig. S3. Dielectric properties of the pure PVDF films, 0-3-0 composites, 0-6-0
composites, 0-9-0 composites and 0-12-0 composites as functions of temperature at

different frequencies.
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Fig. S4. Cross-section SEM of the pure PVDF films, 0-3-0 composites, 0-6-0

composites, 0-9-0 composites and 0-12-0 composites.



Discharge Time = 101 ns —— This work

Power Density = 2.69 J/cm® / 101 ns
=26.6 MW/cm?®
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Fig. SS. Discharged energy density as a function of time of the sandwich-structured

NBT/PVDF composite films under an electric field of 200 MV/m.

Electrical breakdown model in sandwich-structured NBT/PVDF composite films

The breakdown process was studied according to the following formula:
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where ¢ is the electric potential for all the lattice points, i, k and /', k' represent the discrete

lattice coordinates, ¢ is the threshold electric potential; # is the fractal dimension, which depicts
the relationship between the local field and probability. The above equations describe the
growth direction of the electric trees, the difficulty in growing the electric tree, and the dielectric

properties of the materials. The coefficients of 4, B and C determine the weight of each term of

the equation.



The growth of electric trees grows at adjacent grid points with the probability of P(i, k —
i', k"), which depicts the relationship between local field and probability. The breakdown
strength of the sandwich-structured NBT/PVDF composite films can be adjusted quantitatively
by parameter 4, B, C and ¢,. In this work, ¢y, A, B, and C are 0.08, 1.0, 0.0016, and 0.61 for

NBT whiskers, respectively. For PVDF, ¢, 4, B, and C are 6, 1.0, 0.003, and 0.34, respectively.

Algorithm of average electric field in different layers of the composite films

The average electric field in different layers of sandwich-structured NBT/PVDF

composite films was calculated by the following equations:

Es=V /(2ds + dhgs/é‘h) (SZ)

En=V /(dn+2dsen/ &) (S3)

where Vis the applied electric voltage on the sandwich-structured NBT/PVDF composite films,
Ej is the applied electric field on the outer layer, Ej, is that on the inner layer; dj is the thickness
of the outer layer, d, is that of the inner layer; & is dielectric constant of the outer layer, and ¢,

is that of the inner layer.



