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Finite-element simulations

In order to qualitatively understand the charge carrier behaviors in
nanocomposites, a unipolar electron injection and transport model is established. Here,
we describe electrons injected from the metal electrode into the dielectric by Schottky

thermionic emission, which is expressed as

J =AT exp P exp ¢ | ¢k (S1)
kT kT \ 47s,e,

where J is the current density, A is the Richardson constant, 7 is the temperature, ¢; is

the injection potential barrier, kg is the Boltzmann constant, e is the elementary charge,
E is the electric field, gy is the vacuum permittivity, &, is the relative permittivity,
respectively.

The behavior of charge within the films is governed by the following equations:

Poisson’s equation,

oy (r,t) _ p(r,1)
oror; 88,
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Current continuity equation,
on(r,t) N aJ(r,t) _ s
ot or
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Charge transport equation,

J(r,t) = u(r, t)n(r,t)E(r,t) )

where y the electrical potential, p the total charge density (here equal n(r,t)), s the source

term (s=0 in this simulation), x« the mobility of charge.

Table 1

Definition of parameters used in this simulation.

Parameter Values Units
Charge mobility of PEI 1 x 10710 cm?/(V-s)
Charge mobility of MgO 1 x10713 cm?/(V-s)

Dielectric constant of PEI 3.15 -
Dielectric constant of MgO 9.8 -
Electric field 100 MV/m
Temperature 423 K
Schottky barrier 1.55 eV




Figure S1 Cross-sectional structure of SEM images of (a) PBP films. (b) PEI/BN films. (c)
PEI/MgO films.
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Figure S2 SEM-EDX mapping of PMP films.
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Figure S4 XRD patterns of (a) MgO powder. (b) PEI/MgO films. (c) PMP films. (d) BN powder.
(e) PEI/BN films. (f) PBP films.
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Figure S5 FTIR spectra of (a) PEI/MgO films. (b) PMP films. (c) PEI/BN films. (d) PBP films.

4 0.04 4 0.10 4 0.05
(a) . ©) ©
TETTITTIIEY y
eriiserreemsterpptessone SR — E— . T o
3F 003 3k 3k
g @150 5 § @150T 5 E @isoe 5
g » PEI & E —a—PEI HJoos 2 E = TEL 003 &
g +— PEVMgO-1 = 8 —#— PEUBN-1 s 3 —*—PRP £
8 2 A— PEUMg0-3 4002 .2 E 2 —A— PEUBN-3 .é e 2t fkl;gg-g 2
E % E o PB- E
b # PEIMgO-5 2 3 & PEUBN-5 ] 2 g k)
< v PELMg0-7 g 3 v FEUBN-7 0t g ! LSt 002-g
A & A a8 a a
1 Ho01 1 G0 ! 001
Boaa, Ho. M, X
iesttennsy it T AN
23881 lllluui s h»l'ii' Nl Ittt eands o
0 . . 0,00 o Bl h rrrerenayreasri o.00 o — . - 0.00
10 10 10t |o‘ 10-‘ 10¢ 10 10° 10} 10! 10° 1o* 10' 10 10 10° 10° 10°
Frequency, Hz Frequency, Hz Frequency, Hz
0.04 3 0.0 4 0.04
@ ()
[T A e A S S
L= S i [ — = —4
3 003 3 W {002 i o 003
g g Z " £ E
a @ 1 kHz 2 ] @ 1k, 2 z @ kHz 3
g e 1 ! =
8 —=—PEI s & —a—Pr1 g 3 mPEI =
2 2 —e— PEIMgO-1 0028 g2 s ez g2 —s—PBP-1 0025
] —a—PEIMgO-3 - —A—PFITN. & 3 —A—PBP-3 &
] —4—PEIMgO-5 2 3 —o— PFIHN-S £ 3 4+ PBP-S g
=] —w— PElIiMgO-7 a a —v— PFIRN-7 a A —w—PBP7 a
1 ~0.01 1 001 1F 0.01
S S S
0 . . : 0.00 0 : . 0.00 0 : P : : - 0.00
20 40 60 80 100 120 140 160 00 40 &0 80 100 120 140 160 20 40 60 80 100 120 140 160
Temperature, 'C “Temperature, T Temperature, 'C

Figure S6 Frequency-dependent and temperature-dependent dielectric properties measured at
150°C and 1 kHz, respectively. (a) (b) PEI/MgO films. (c) (d) PEI/BN films. (e) (f) PBP films.
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Figure S7 Electronic structure of (al) PEIL, (a2) MgO, (a3) PEI and MgO. Band diagrams at
PEI/MgO interface. (b) PEI and MgO interlayer before contact. (c) PEI and MgO interlayer after
contact. Herein, E, is bandgap, Er is Fermi levels, Eyomo stands for the highest occupied molecular
orbital of the dielectric, E.yof represents the energy of secondary electron cutoff. ¢, is the work
function, EA,, is the electron affinity, E,,. is the vacuum energy level. ¢, is the potential barrier for
electrons, and ¢y, is the potential barrier for holes.
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Figure S8 Weibull distribution of (a) PEI/BN films. (b) PBP films. (c) PEI/MgO films measured at
150°C. (d) Comparison of breakdown strength of resultant films in this work measured at 150°C.
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Figure S9 Hysteresis loops measured at 150°C of (a) PEI/MgO-3 film. (d) PEI/BN-3 film. (g) PBP-
5 film. Discharged energy density and efficiency of (b) PEI/MgO-3 film. (¢) PEI/BN-3 film. (h)
PBP-5 film at various temperatures. Discharged energy density and efficiency of (¢) PEI/MgO films.
(f) PEI/BN films. (i) PBP films measured at 150°C.
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onal structure of SEM images of PMP films after 50000 charge/discharge

cycles.



