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Fig. 1 Schematic diagram for preparation of complex system.

Table 1 Content of each component in the blends.

Sample  mppy (8)  Mpapp (8)  Mappia (8) Mappoa (8)
BP 10 6.500 0 0
BPIA-5 10 6.175 0.325 0
BPIA-10 10 5.850 0.650 0
BPIA-15 10 5.525 0.975 0
BPOA-5 10 6.175 0 0.325
BPOA-10 10 5.850 0 0.650
BPOA-15 10 5.525 0 0.975
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Fig. 2 (a) DSC curves of all curing systems at 20 °C-min~';

(b) DSC curves of BPIA-10 at different heating rates; (c) Linear

fitting results of solidification characteristic temperature.
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Fig. 3 (a) Temperature-ramping experiments, (b) isothermal
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Fig. 4 (a) In situ FTIR spectra of the curing process for BPIA-10; (b, ¢) Enlarged views of selected regions from the in situ
FTIR spectra of BPIA-10; (d) /n situ FTIR spectra of the curing process for BPOA-10; (e) Enlarged views of selected regions

from the in situ FTIR spectra of BPOA-10.
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Fig. 5 (a) Temperature dependence of tand from DMA;
(b) TGA weight loss versus temperature; (c) DTG curves.
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Benzimidazole and Benzoxazole Modified Bismaleimide Resins for
High-performance Electronic Substrate Laminates

Run-ze Liu!, Zi-chun Ding?, Xiao-xuan Liu!, Jia-zi Zhang!, Jin-yan Wang!,
Li-shuai Zong!, Jian-hua Han', Xi-gao Jian'"
(!Department of Polymer Materials, Dalian University of Technology, Dalian 116024)
(PAerospace Materials and Technology Research Institute, Beijing 100076)

Abstract Advanced electronic packaging is moving toward thinner and higher-density designs, exacerbating issues

of insufficient substrate rigidity and coefficient of thermal expansion (CTE) mismatch—driving the need for

novel resin systems with high rigidity and low CTE. In this work, diamine monomers containing benzimidazole
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and benzoxazole moieties—namely, 2-(4-aminophenyl)-5-aminobenzimidazole (APBIA) and 2-(4-aminophenyl)-5-
aminobenzoxazole (APBOA)—were employed to modify a bismaleimide/allylphenol (BDM/DABP) resin system.
The curing behavior and multiscale properties of the resulting composites were systematically investigated through
a suite of analytical techniques, including differential scanning calorimetry (DSC), rheology, in situ Fourier-transform
infrared spectroscopy (FTIR), dynamic mechanical analysis (DMA), thermogravimetric analysis (TGA),
thermomechanical analysis (TMA), as well as mechanical and dielectric performance evaluations. The results
demonstrate that the incorporation of APBIA and APBOA significantly accelerates the curing reaction. Moreover,
the synergistic effect of rigid heterocyclic structures and multiple hydrogen bonds effectively enhances the
flexural modulus while substantially reducing the CTE—reaching a minimum value of 8.59x107¢ °C~!. Notably,
the APBOA-modified system, benefiting from its balanced curing kinetics, yields composite laminates with
outstanding flexural strength (576.1 MPa). Additionally, it achieves a copper foil peel strength of 0.898 N-mm™',
an ultralow dielectric loss of 0.00829 at 5 GHz, and a reduced water absorption of 0.818%. This study highlights
that benzimidazole and benzoxazole architectures can serve as highly effective functional units, offering a
promising new strategy for the development of high-performance electronic packaging substrate materials.
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