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Study on Preparation and Electrical Properties of DOPO Derivative Modified
COP Composites for Millimeter Wave Packaging Structures

ZHAO Yuhong, GU Junshan
(Henan Vocational University of Science and Technology, Zhoukou 466000, China)

Abstract: To address the multiple requirements of low dielectric constant, flame retardancy, and thermal stability for
packaging materials used in 5G communication and millimeter-wave radar applications, a flame retardant with a
symmetric structure, 9, 10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO)-hexamethylene diisocyanate (HDI),
was designed and synthesized. Using cycloolefin polymer (COP) as the matrix, COP/DOPO-HDI composites were
prepared via solution casting. The effects of DOPO-HDI flame retardant on the microstructure, mechanical properties,
thermal stability, flame retardancy, and thermo-oxidative aging behavior of the composites were systematically
investigated. The results showed that the composite exhibited optimal overall performance at a DOPO-HDI mass fraction
of 4%. The COP/4%DOPO-HDI composites achieved a limit oxygen index of 34.4% and passed the UL-94 V-0 rating, the
peak heat release rate and total heat release were significantly reduced, respectively, with the formation of a dense and
continuous char residue. Free radical scavenging analysis confirmed that DOPO-HDI could effectively capture hydroxyl
radicals and inhibit oxidative chain reactions. Through a molecular symmetry design strategy, the study achieved the
synergistic integration of low dielectric loss and anti-thermo-oxidative aging functionality without compromising the
flame-retardant core structure, providing a reference for the development of high-performance packaging materials for
millimeter-wave applications.
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Fig.1 SEM images of COP/DOPO-HDI composites (400x)
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Fig.2 Mechanical properties of COP/DOPO-HDI composites
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Fig.3 TG and DTG curves of COP/DOPO-HDI composites
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Tab.2 Results of cone calorimetry test and UL-94 flammability test
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COP/5%DOPO-HDI 4 2 36.5 V-0 ¥ fD

g A 57 T ‘}W“
(¢) COP/3%DOPO-HDI

- = 2

(d) COP/4%DOPO-HDI
B5 COP/DOPO-HDI & & #HkBe 5% A KR )
SEM 2 7 (400%)
Fig.5 SEM images of residual carbon layer from combustion
of COP/DOPO-HDI composites (400%)
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Fig.6 Dielectric properties of COP/DOPO-HDI composites
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Tab.3 Thermal oxidative aging and oxidation degree
of COP/DOPO-HDI composites

FE b CI, (0 d) CI,, (14 d) ACI
COP X HE2H 0.011 0.057 0.046
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COP/2%DOPO-HDI 0.017 0.042 0.025
COP/3%DOPO-HDI 0.018 0.033 0.015
COP/4%DOPO-HDI 0.019 0.029 0.010
COP/5%DOPO-HDI 0.021 0.027 0.006
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