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Abstract: Insulating materials with low dielectric constant (Di) and low dissipation factor (D) are vital for high-
frequency electronic devices, especially in 5G and forthcoming 6G wireless communication systems operating in the
millimeter-wave range (30-300 GHz). Polyimides (Pls) are attractive candidates owing to their thermal stability, mechanical
robustness, and environmental durability. However, their dielectric behavior above 100 GHz remains insufficiently
investigated, limiting their practical use in next-generation applications. In this study, we employed Fabry-Pérot
resonators [1] to systematically measure the dielectric properties of a broad range of PIs across 10-330 GHz. The evaluated
samples include commercial Pls, bio-based Pls, partially and highly fluorinated Pls (FPIs), and sulfur-containing Pls (SPIs).
A gradual decrease in Dx was observed with increasing frequency, statistically approaching the refractive index squared
(n?) in the near-infrared region. In contrast, Dfincreased linearly with frequency at varying rates, suggesting that low Dy
at low frequencies does not necessarily translate to high-frequency performance [2]. The absence of distinct absorption
peaks throughout the frequency range implies that no significant relaxation processes occur, with dielectric dispersion
dominated by localized chain motions. Among the studied materials, Kapton exhibited relatively high dielectric losses (Dk
> 3.4, Df>0.015 at 300 GHz). By contrast, FPIs showed superior characteristics, with Dk < 2.8 and Df < 0.01 at 100 GHz and
< 0.015 at 300 GHz. Notably, Pls containing 2,2'-bis(trifluoromethyl)benzidine (TFDB) units displayed increased D values,
underscoring the influence of molecular structure on high-frequency dielectric performance. Further evaluation using a
custom-built humidity-controlled dielectric measurement system at 10 GHz demonstrated that all FPIs maintained low
Dk and Df under 60% relative humidity, whereas Kapton showed elevated values (Dyx = 3.6, Df = 0.02) [3]. This indicates
that the low polarizability and reduced water uptake of FPIs contribute to their excellent dielectric stability under humid
conditions. Additionally, SPIs exhibited relatively high Dy but low Ds, especially those with multiple thioether linkages,
which showed Ds values comparable to FPIs and low humidity sensitivity. These findings underscore the potential of both
FPIs and SPIs for high-frequency applications under demanding conditions.
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Constant and Low Dielectric Loss at High Frequency
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WE: KA SCBERANARRE, WFRNEEE (D « KABBRIEEY] (D) BT EMRNTEREREIEM, H,
U ERBIAER (MP) BEEHERNARENR. CFREMNNMLE, SERTEMBENERNBMEZ— 1ERE
EMENNIEN D FREEEFRREBEMREI D FHOMEKRY, BEMEESN TEGRTBERNEN EHE. EF
*, HMEIERBILALEEPSING - EREN, THRSYEORIEMEZ BNREHER, NMEMERTBEEHR
FMATEBIRFEE 3.02/0.0044 @ 10 GHzo It5h, FHAELIFIT S FRENMR Z BTGB FHE, EFTRIRM
REHERT, BARBIRNAREEND, MKBUERTIRER 445 °C, AEKERKEN S5 ppm K1, XEFFRAE
BEIREEBITHRIEM,
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Abstract: With the rapid development of 5G communication technology, the demand for dielectric materials with
low dielectric constant (Dx) and low dielectric loss tangent (D) is constantly increasing. Among them, modified polyimide
(MPI) is considered as one of the important dielectric materials for high-frequency communication, owing to its excellent
thermal stability, chemical stability and mechanical properties. Enhancing the rigidity of polymer chains and intermolecular
interactions can effectively restrict orientation polarization, endowing MPI with low dielectric constant and low dielectric
loss at high frequency. In recent years, we develop MPI with soft-rigid structure, which effectively balances the trade-off
between the rigidity of polymer chains and the chain packing density. As a result, the as-prepared MPI achieves a low Dy/
Ds of 3.02/0.0044 @ 10 GHz. Furthermore, we have also improved the thermal stability of polyimide by regulating the chain
rigidity and the electron-donating properties of diamine, without forming hydrogen bonds or crosslinking. The resultant
Pl possesses a glass transition temperature (Tg) of 445 °C and a thermal expansion coefficient (CTE) of 5 ppm K-1, which
contributes to enhancing the operational reliability of communication equipment.
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