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Abstract: High-frequency insulating materials with a low o . © 6 _ D
dissipation factor (Df) have attracted increasing attention. Polymer- %NM-@--@-—@--@-)— @M-@—\—@t

based dielectrics combining a high dielectric constant (Dx) and a ¢ 3S-PIs V¥ SD-Pls
low Df are demanded for film capacitors and microstrip antennas. o - % e 9 R
Polyimides (PlIs) are promising candidates for such applications °§>@ (:Q}’
owing to their excellent thermal resistance, mechanical strength, @ DS-35 'V DS-SD ¢ BP-35 V BP-SD
and chemical stability. In particular, sulfur-containing Pls (S-Pls), ;P@A@‘ /@/\@q; {
incorporating sulfur atoms in their backbones, are expected to ® 3535 ’ V 35-5D s TA_3S
exhibit a high Dy due to the high atomic polarizability of sulfur

atoms [1, 2]. However, their Dk and Ds at higher frequencies remain Fig 1. Chemical structures of S-Pls.

unclear. In this study, we synthesized a series of S-Pls (Fig.1) and investigated their dielectric properties at 20 GHz, including
polarization analysis, humidity dependence, and water-sorption behaviors.

As the weight fraction of sulfur (S%) increases, the Dy and Ds of S-Pls generally increase and decrease, respectively. In particular,
S-Pls containing 3S moiety (3S-Pls) exhibited higher Dy and lower Dt. The increased Dy is attributed to the enhanced
electronic polarization resulting from higher S%, while the lower Df may result from the reduced weight fraction of imide
groups (Imide%) due to the heavy sulfur atoms, which also suppresses the dipole polarization [3]. Furthermore, the Dy and D¢
of all S-Pls increase linearly with an increase in RH from 10% to 55 %. The slopes (hDy and hDy) of their linear approximation,
representing RH sensitivity, are comparatively low for 3S-Pls, which is attributable to the lower electronegativity of sulfur
atoms and the reduced Imide%. In addition, 3S-Pls containing thianthrene or sulfonyl moieties in the main chain (TA-3S and
DS-3S) exhibit higher hDy and hDf compared to the other 3S-Pls. This originates from the expanded free volume due to their
bent structures that promotes the sorption of water molecules. In conclusion, S-Pls, especially 3S-Pls, exhibit a favorable
combination of high Dy, low Dy, and low humidity sensitivity, making them promising candidates for high-frequency dielectric
applications.

Keywords: Polyimide, Sulfur, Dielectric constant, Dissipation factor, High refractive index, Humidity
dependence, Water sorption

[1] J. Liu, Y. Shibasaki, S. Ando, M. Ueda, Macromolecules, 2007, 40, 4614-4620;
[2] T. Higashihara, M. Ueda, Macromolecules, 2015, 48, 1915-1929;
[3] R. Sawada, S. Ando, J. Phys. Chem. C, 2024, 128, 6979-6990.

118

2025 International
Polyimide Conference

18. SERE B RERII RRVRE PRI R H
BB TR HIEMEEE

Preparation and property of thermosetting modification of ester-containing
thermoplastic polyimide and the Flexible Copper Clad Laminates

L, HE L BRSOR L2, S23, BRI 123

1SR b B F AR, #ILEN, 430056; 2 EIFRHERNEIRAT, #ILEY, 430074;
3R FME (B5X) BIRAR, #ItZM, 436070

Xiang Niu', Miao Ye', Wenqiu Chen1.23*,
Yang Yu23, Heping Fan1:2,3
1 Hubei Institute of Chemistry, Jianghan University, Wuhan, Hubei, 430056;
2 Huashuo Technology Co., Ltd., Wuhan, Hubei, 430074;
3 Huashuo Electronic Materials (Wuhan) Co., Ltd., Ezhou, Hubei, 436070
*cwq841104@163.com

BE: BIHERNTERSEREENNN (4- EXE) WEXZRRE (BAPT) SINFIAMHRETR (P) 2F9,
FlEEHESEEELSN (Ph-0-C(=0)-) WALURBTR (TP) . AP ESEEEHEXEENNIER T SIRamiERERE
AR N, RILERNIF LG / KEgaKHImB (DCPD IF&|) 33 TPHTTAREIRME, FFEEHEMREERR (FCCL) o
B, @IIFFR DSC HE T H DCPD A TPI &8 FCCL WEIK T Z, AR@EIXEMALI: TPIARBEXRE
MEEIRMERE. RIBEMEMTIKERAREEEEBNENEREEZA, KREEMRHETE 10 GHz TTEEHM 3.00
TP 2.81, BN FCCL MAIRIERES 2.06 N/mm, BESTFREME TPIAY 1.0ON/mm, XFHEABRNTBER. 5
FEERIERERVET TPI BUABEIERIE 5 7%, NEIERERMENFIRBRMR (FPC) MIRBIRM T —FEMNER,.
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Abstract: Athermoplastic polyimide (TPI) containing reactive ester groups (Ph-0-C(=0)-) in the backbone was synthesized
by incorporating bis(4-aminophenyl) terephthalate (BAPT) into a soluble polyimide molecular via copolycondensation. Since
the active ester can undergo transesterification with epoxy resin under appropriate promoters, the obtained TPl was thermoset-
modified by dicyclopentadiene/benzenephenol glycidyl ether (DCPD epoxy), and subsequently fabricated for flexible copper-
clad laminate (FCCL). Non-isothermal differential scanning calorimetry (DSC) was first employed to optimize the curing process
for preparing FCCL from the DCPD epoxy-modified TPI. Comparative analyses revealed that while the thermoset-modified TPI
exhibited slightly reduced thermal properties, dimensional stability, and water resistance, these parameters remained within
acceptable operational ranges. Notably, its dielectric constant at 10 GHz decreased from 3.00 to 2.81, while the peel strength
of the corresponding FCCL reached 2.06 N/mm, which was significantly higher than that of the unmodified TPI of 1.00 N/mm.
This TPI-based thermosetting modification strategy demonstrates a viable pathway for developing high-performance flexible
printed circuit boards (FPC) with low dielectric property and enhanced interfacial adhesion.
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