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Research Progress on the Dielectric Properties of Polyphenylene
Ether-based Composites
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Abstract: With the iterative evolution of 5G, 6G communications, cloud computing, and millimeter-
wave radar technologies, signal transmission frequencies have entered the millimeter-wave and even
terahertz bands. The advancement of high-frequency, high-speed communication technologies imposes
stringent requirements on signal transmission integrity, compelling the development of circuit board
(PCB) insulating substrates with lower dielectric constant (Dy) and dielectric loss (Ds). Poly(phenylene
oxide) (PPO) has emerged as a preferred insulating substrate material due to its outstanding dielectric
properties. However, commercial high-molecular-weight PPO exhibits extremely high melt viscosity and
poor wettability in fiberglass cloth, which limits its application. The limitations of unmodified PPO resin
as an electronic packaging material and the main modification strategies for PPO, including chemical
and physical approaches, are reviewed in this paper. In terms of chemical modification, the dielectric
properties and processing properties of the polymer were improved by means of oligomerization, grafting
functional groups, copolymerization and other chemical methods. In the aspect of physical modification,
the dielectric properties and processability of PPO blends with epoxy resin (EP) and cyanate ester (CE)
were analyzed, and the effect of inorganic filler on PPO matrix was studied. Finally, the current limitations
of PPO in research stages are identified, and the application prospects of PPO-based materials in high-
frequency electronic packaging are explored.
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Figure 1 Reaction mechanism of PPO
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Figure 2 Mechanism of PPO side reaction product formation
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Figure 3 Schematic diagram of PPO chemical modification strategy
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Table 1 Comparison of dielectric properties of different modified low molecular weight PPO systems

AP SR S/ B R R I HLHHL(Dy) S HAUKE (D) 2% R
P-APPO/BPA-APPO SIELEA 1 GHz 29 4.00x107~4.30x107> [35]
P-APPO/BPA-APPO HP7200 EP 1 GHz 29 5.00x1073~5.30x1073 [35]

MA-PPO TAIC/allyl-DOPO 1 GHz 2.23~2.58 3.40%1073~3.90x1073 [36]

-PPO CE 10 MHz/1 MHz 3.85 (10 MHz) 2.64x1073 (1 MHz) [37]
F-rPPO EP 12 GHz 2.69 1.32x1072 [38]
EPPO EPN - - - [39]
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Figure 4 PPO physical modification strategy
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