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Molecular structural design and research progress of low-dielectric,
low-loss polyimide film materials

LIU Yonghao', ZHANG Chenggang’, JIANG Lan', XIAO Peng"*

(1. Institute of Micro/Nano Materials and Devices, Ningbo University of Technology, Ningbo 315211, China;
2. School of Chemical Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Polyimide (PI), as a type of special polymer materials with excellent comprehensive properties, is widely used in
various fields such as electronics and electrical engineering, electrical insulation, and aerospace. However, with the rapid
advancement of 5G/6G high-frequency communication technologies, higher requirements have been put forward on the
dielectric properties of dielectric layer materials in electronic devices. PI faces significant challenges, including its inherently
high dielectric constant (D,) and dielectric loss (D;), as well as relatively high-water absorption, which restrict its further
development in related applications. In this paper, the intrinsic action mechanism of D, and D, of polymers under electric
field was introduced at first, and then the main research progress of low-D, and low-D; polyimide films in recent years, as

well as the modification strategies of polymer molecular structure and dielectric properties were reviewed respectively.
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Finally, the research direction of low-D, and low-D; polyimide films was summarized and prospected.

Key words: polyimide films; dielectric constant; dielectric loss; structural modification
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Fig.1 Schematic diagram of four polymer

polarization processes
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Fig.2 Relationship between polarization response processes
and frequency in polymer dielectric materials
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Fig.3 General formula of polyimide molecular structure
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Fig.5 Molecular structure of PI with bulky side groups
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Fig.7 Common alicyclic diamine and dianhydride monomers
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