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Abstract: Thin film capacitors are widely used in smart grid, wind power generation, electric vehicle,
pulse power system and other fields because of their high power density, low loss, long cycle life, safety
and environmental protection. The dielectric is the key to the performance of film capacitors, but the
energy storage property of film capacitors is greatly reduced by the leakage current caused by the defects
and impurities in the materials at high temperature and high electric field, which make it difficult to obtain
high energy density in thermally and electrically coupled fields. The introduction of trace organic molecule
semiconductor into polymer dielectric can produce energy traps to trap carriers and suppress leakage
current, thus reducing conductivity loss and improving charge-discharge efficiency. In this review, the
methods for improving the high temperature energy storage properties of dielectrics by introducing organic
molecular semiconductors into polymer matrix are summarized, the influence mechanism of organic small
molecule semiconductor and polymer molecular semiconductor modification on energy storage properties
is discussed, and the future development of related fields is prospected.
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Table 1 Molecular structures and energy level information of organic molecular semiconductors

2R Vst HIEREDH (eV) LT 25 A RE (eV) EE PN
HOMO: —6.1
PCBM 24 [30~32]
LUMO: -3.7
HOMO: -5.66
ITIC 1.73 [30,33,37]
LUMO: -3.93
HOMO: -5.81
DPDI 2.06 [30]
LUMO: -3.75
[e) O
O HOMO: —7.5
NTCDA 4 b 33 [34]
O LUMO: -4.2
(6] 6]
HOMO: —6.36
CI-HBC 2.84 [35]
LUMO: -3.52
ITIC-CI / 3.99 [36]
HOMO: —6.2
PPDI 21 [38]

LUMO: 4.1
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Table 2 Energy storage properties of several molecular semiconductor dielectric composite materials
BGE T HLA R A B €, tand, By (MV/m)  HRBRALS T UgQem®), 7 (%) FSCABIEFR XS %300k
PCBM/PEI &=3.4, /, E,=649 Ug=3.0 (200 °C), 7=90 / [30]
ITIC/PEI £=3.22, /, E,;=638 Uy=2.2 (200 °C), 7=90 / [30]
DPDI/PEI £=3.38, /, E,=625 Ug=2.5 (200 °C), 7=90 / [30]
0.9 wt% PCBM+50 wi%
£=5.2, tand=0.042, E,=685 Uz=20.89, n=70 / [31]
PMMA/PVDF
5% 10* (200 MV/m,
PCBM/F-PI £=3.08, /, E,;=572 Uy=2.85 (200 °C), 7=90 [32]
200 °C)
0.25 vol% ITIC/PI@PEI 3.3, tand=0.005, E,=545 Uy=2.16 (180 °C), =90 510 (300 MV/m, [33]
. vo &£7~5.5, tano=V. ) = =< y =
HILNT ’ ' b d g 180 °C)
SR UNSE 5X10% (200 MV/m,
0.5 vol% NTCDA/PEI  £=2.8, tan6=0.005, E£,=510 Ug=2.5 (200 °C), 7=90 200°C) [34]
0.01% CI-HBC/PI  £=3.42, tand=0.002, E;=539 Ug=2.5 (150 °C), 5=70 / [35]
5% 10* (400 MV/m,
ITIC-CI/FPE & =3.4, /, E,=563 Ug=5.0 (200 °C), 7=90 [36]
200 °C)
5% 10* (400 MV/m,
ITIC-CI/PC £=3.0,/,/ Ug=6.0 (150 °C), 7=90 [36]
150 °C)
ITIC/PEI / Uyg=6.37 (150 °C), =90 25X 10° (200 MV/m, [37]
o o 180 °C)
4 wt% PPDI/PTVC =33, tand=0.4, £,=32 U442,/ / [38]
BEMST 1 wt% PTCBI/PEI =7, tand=0.013, E,=485 Ug=5.12 (100 °C), 5=82.7% / [39]
PR 20 vol% PEG- £~86.64, tans=1.18, ) } 1401
PANI/PVDF Ey=10.74
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Figure 1 Charge transfer mechanism of polymer composite
dielectrics modified by molecular semiconductors and trap

energy levels introduced by molecular semiconductors
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Figure 2 (a) The restriction of PCBM on bound charge in PMMA/PVDF composites; Electrical properties of 50 wt% PMMA/
PVDF composite films doped with different PCBM contents: (b) leakage current, (c) energy storage properties; (d) Comparison

of the energy storage performance and breakdown strength between inorganic filler/polymer matrix composites and the allorganic

composite (Reprinted with permission from Ref. [26]; Copyright 2021 American Chemical Society)
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Figure 3 (a) Composite dielectric with trap layer and
electrode spacing of 0%, 14%, 28%, 42% when trap layer
thickness is 15% film thickness; (b) Multi-layer composite

film breakdown process
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Figure 4 Scattering centers of charge injected in PPDI as a composite dielectric at (a) low concentration and (b) high

concentration, (c) frequency dependence of the dielectric loss of the PPDI/PVTC blending films, (d) discharge energy densities of

films with different electric fields (Reprinted with permission from Ref. [30]; Copyright 2021 American Chemical Society)
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