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Fig. 1 (a) Synthesis route to BDCB,; (b) Schematic diagram of epoxy resin system design; (¢) '"H-NMR spectrum of BDCB;
(d) FTIR spectrum of BDCB. (¢) SEM image of aluminum oxide; (f) TEM image of carbon nanotubes; (g) Size distribution of

carbon nanotubes; (h) Size distribution of aluminum oxide.
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Fig. 2 (a—c) Temperature-dependent FTIR spectra upon heating from 30 °C to 180 °C; (d-f) Synchronous generalized 2D
correlation spectra; (g—i) Asynchronous generalized 2D correlation spectra.
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Fig. 3 (a) Schematic diagram of adhesion test; (b) Adhension strength of epoxy resin; (c¢) Large-scale coating of epoxy resin

and grid test method; (d) Remolding under hot pressing conditions; (¢) Thermal conductivity of neat epoxy resin; before and

after reprocessing; (f) SEM images before and after reprocessing; (g) Comparison with other recent work.
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Fig. 4 (a) Diagram of the heat dissipation test; (b) The temperature of the heated quartz tube; (c) Upper temperature in the
testing system; (d) Intermediate air temperature in the testing system; (¢) Bottom temperature in the testing system.
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Fig. 5 (a) Schematic diagram of epoxy resin residual stress test; (b) Residual stress results of epoxy resin; (c) Schematic

diagram of dynamic key topology rearrangement; (d) Digital photos before and after electronic packaging epoxy coating;

(e) The voltage change value across the resistor in the high-load experiment; (f) Tests of the solvent resistance of epoxy resin;

(g) Accelerated aging test of epoxy resin.
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Research Article

Investigation into Stress Relief of Epoxy Resin Packaging Materials Based
on Covalent Adaptable Networks Rearrangement

Bo Zhou, Zhi-hao Wang, Peng Zhou, Xin-xing Zhang"
(Polymer Research Institute, National Key Laboratory of Advanced Polymer Materials, Sichuan University,
Chengdu 610065)

Abstract In the 5G era, the high integration and miniaturization of high-power electronic devices require
packaging materials to possess excellent thermal conductivity, strong adhesion, and efficient stress release
capabilities. However, traditional epoxy resins suffer from the problem of internal stress accumulation due to their
highly cross-linked network, which leads to device failure and severely restricts the development of high-end
equipment. To address this issue, based on the dynamic topological rearrangement characteristics of covalent
adaptive networks (CANs), we designed a high thermal conductivity epoxy resin packaging material with
efficient stress release capabilities starting from the molecular structure design. By synergistically matching one-
dimensional carbon nanotubes with two-dimensional aluminum oxide microspheres, a three-dimensional thermal
conduction network was successfully constructed, significantly enhancing the thermal conductivity of the
material. The dynamic covalent bonds and multiple hydrogen bonds introduced in the system produced a
synergistic effect, effectively releasing the internal stress of the epoxy resin while significantly enhancing its
interface bonding strength and reprocessing performance. The results of high overload tests and environmental
aging experiments demonstrated that this material still exhibits excellent service reliability under harsh
conditions. This research provides a new design concept for the development of a new generation of high-
performance electronic packaging materials.
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