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Fig.S1 SEM images of cross-section of the all-organic composite dielectrics.



Fig.S3 optical photograph of the composite film.
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Fig.S4 DSC curves of (a) PEIL; (b) PES; (¢) 9:1; (d) 8:2; (e) 7:3; (f) 6:4; (g) 5:5; and (h)

T, of peak I and peak II.
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Fig.S5 TGA of the organic-organic composite dielectrics.
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Fig.S6 FTIR spectra of the organic-organic composite dielectrics.
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Fig.S7 AFM images of (a) PEL; (b) PES; (c) the 9:1 and (d) the 8:2 composite

dielectrics.
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Fig.S8 Surface SEM images of (a) PEI; (b) PES; (c) the 9:1 and (d) the 8:2 composite

dielectrics.
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Fig.S9 Frequency dependence of the dielectric constant and loss tangent at (a) 25°C,
(b) 100°C, and (c) 150°C; (d) dielectric constant and loss tangent at 1 kHz of the

organic-organic composite dielectrics.
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Fig.S10 Frequency dependence of dielectric constant and loss tangent at DC bias of (a)
PEI; (b) PES; (c) the 9:1; (d) the 8:2; (e) the 7:3; (f) the 6:4; (g) the 5:5 and (h)

variation of dielectric constant with electric field.
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Fig.S11 Weibull breakdown distribution at (a) 25°C, (b) 100°C, and (c) 150°C; (d)

breakdown strength and shape factor of the organic-organic composite dielectrics.
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Fig.S12 Energy storage properties at (a) 25°C, (b) 100°C, and (c) 150°C; (d) contour
map of energy storage density of the organic-organic composite dielectrics.
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Fig.S13 Conductivity of the organic-organic composite dielectrics at (a) 25°C, (b)
100°C, and (c) 150°C; (d) activation energy of 9:1 and 8:2 composite dielectrics.
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Fig.S14 Ohmic conduction and space charge limited current fitting.

Ohmic conduction

J =oF (S1)

10



where 6 is the DC conductivity and £ is the applied electric field. In the ohmic
conduction model, the current density J is proportional to the electric field E. In
Fig.S14, from 0 to 100 kV mm!, the slope of all data fits is greater than 1, so the
Ohmic conduction model is not applicable.
Space charge limited current

3 ue.e,U”
8d’ (S2)

where u is the carrier mobility, &, is the dielectric constant, g is the vacuum
dielectric constant, U is the applied voltage and d is the thickness of the sample. In Eq.
S2, the current density J is positively related to the square of E. In contrast, in Fig.S14,
from 100 to 200 kV mm!, the slopes of the fitted straight lines are all greater than 2.

Therefore, the space charge-limited current model is not applicable.
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Fig.S15 Poole-Frenke emission fitting.

Poole-Frenke emission

- lpr +eqJeE/ne & )

J =0 ,Eexp( KT
B

(S3)
where o is the conductivity, E is the applied electric field, upr is the trap barrier
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height, e is the elementary charge, ¢, is the dielectric constant, g, is the vacuum
dielectric constant, Ky is the Boltzmann constant and T is the temperature.

Eq. S3 takes logarithms on both sides and can be deformed as:

eW/e/n'g &, WE

J PF
In(Gp) = In(o,) - G ™)
(S4)

It can be seen that In(J/E) is positively related to E°3. The P-F emission fitting
results are shown in Fig.S15, and although the data points are well fitted, the value of
k calculated from the slopes differs by an order of magnitude from the experimental
data, so the P-F emission model is not applicable either.

Schottky emission

- @y T e /eE/4ne g, )

J=A,T?exp( KT

(S5)

where Ay is the effective Richardson constant, p is the interface energy barrier
height, e is the elementary charge, E is the applied electric field, ¢, is the dielectric
constant, &g is the vacuum dielectric constant and Ky is the Boltzmann constant and T

is the temperature. Eq. S5 can be deformed as:

ew/e/47ts &, WE

ln(—)—l (Ag)- ( (o)
86

In(J/T?) is positively related to £°3. The results of the Schottky emission fitting
are shown in Fig.S16, where the data points are well fitted and the value of &,
calculated from the slope is consistent with the experimental data, thus the low field is

consistent with the Schottky emission model.

12
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Fig.S16 Schottky emission and hopping conduction fitting.

Hopping conduction model

J(E.T) = 2neiv » exp(-—rizy o sinh(—<L.
, neAv * exp -KBT Sin 2KBT

)
(S7)

where n is the carrier concentration, e is the charge of the carriers, 1 is the
hopping distance, v is the attempt-to-escape frequency, W, is the activation energy,

and Ky is the Boltzmann constant and T is the temperature. That can be simplified as:

J = A *sinh(B*x)
(S8)

where A and B are two lumped parameters. The frequency hopping conduction
model was well fitted with A of 1.55nm, 1.32nm, 1.15nm and 1.2nm for PEI, PES, 9:1

and 8:2 composites, respectively.
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Fig.S20 Energy storage properties under triangle wave at (a) 25°C and (b) 100°C.
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