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Research Progress of Dielectric Polyimide Films

ZHA Jun-wei” , LIU Xue-jie, DONG Xiao-di, WAN Bao-quan

(Beijing Advanced Innovation Center for Materials Genome Engineering . School of Chemistry and Biological

Engineering s University of Science and Technology Beijing ,» Beijing 100083, China)

Abstract: Polyimide dielectrics are essential insulation materials for the fields of electrical engineering, electronic

information technology and aerospace. However, there are still issues in material design and preparation, struc-

ture-performance relationship and performance regulation that have not been solved in practical applications. The

mismatch between dielectric properties and application settings has limited the innovation-oriented development

of polyimide, which has become an important problem restricting the progress of electrical and electronic infor-

mation fields. Based on the basic principles affecting the electrical-thermal properties of dielectric films, this pa-

per provides a detailed review of the research methods and internal mechanisms for regulating the comprehensive

performance (such as high/low dielectric properties, thermal stability and insulation resistance) of polyimide

from the aspects of molecular structure modification and composite structure optimization. The current issues

and challenges of polyimide films in energy systems and electronic devices are summarized, and meaningful guid-

ance is provided for the future development and application of polyimide films.
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Figure 1

(a) Bipolar electric displacement-electric field (D-E) loops of TP-PI and STP-PI at 350 MVem ' and dif-

ferent temperatures; (b) Discharge energy density and discharge efficiency of TP-PI and STP-PI at different temper-
atures (Reprinted with permission from Ref. [14]; Copyright 2022 Elsevier) ; (¢) Schematic diagram of the synthe-
sis of ODPA-MPD films with different degrees. Radar plots of ODPA-MPD-3 films and ODPA-MPD-5 films at (d)
room temperature and (e) 150 ‘C (Reprinted with permission from Ref. [35]; Copyright 2022 The Royal Society of

Chemistry)
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Figure 3

(a) Schematic diagram of roll-to-roll PECVD; (b) Charge-discharge efficiency and discharge energy den-

sity of BOPP and BOPP-SiO, films at 120 “C; (¢) Charge/discharge efficiency of various dielectric films before and
after coating at 150 °C (Reprinted with permission from Ref. [49]; Copyright 2018 Wiley-VCH)
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Figure 4 Molecular structures of monomers used in the synthesis of PI: (a) dianhydride and (b) diamine; (c) the

relationship between dielectric constant and fluorine content; (d) the relationship between dielectric loss and struc-

ture content (Reprinted with permission from Ref. [57]; Copyright 2021 American Chemical Society)
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(a) Molecular structure of BAFMT; (b) Dielectric permittivity and (¢) dielectric loss of PI as a function of

frequency and temperature (Reprinted with permission from Ref. [61]; Copyright 2013 Elsevier) ; (d) Molecular struc-

ture of aromatic dianhydride containing an alicyclic structure; Comparison of (e) dielectric permittivity and (f) compre-

hensive performance of PI with different molecular structures (Reprinted with permission from Ref. [62]; Copyright

2020 Elsevier)
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Figure 7

(a) Molecular structure of OH-POSS (Reprinted with permission from Ref. [82]; Copyright 2008 Elsevier) ;

(b) Molecular structure of DDSQ (Reprinted with permission from Ref. [ 83]; Copyright 2018 Wiley-VCH) ;

(¢) Schematic representation of the preparation of MCM @ POSS composite fillers; (d) Dielectric permittivity of

MCM@ POSS/PI porous composite films containing different loadings; (e) Schematic representation of the effect of

the presence of MCM-41 on the dielectric constants of the composite films (Reprinted with permission from

Ref. [87]; Copyright 2022 Wiley-VCH)
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