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Preparation and High-Frequency Dielectric Properties of Micron-Sized Spherical TiO, and
Epoxy Matrix Composites
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(1. Shandong Industrial Ceramics Research and Design Institute, Zibo 255000, Shandong, China; 2. School of Materials Science
and Engineering, University of Jinan, Jinan 250022, China; 3. Sinoma Advanced Materials Co., Ltd, Beijing 100102, China)

Abstract: Printed circuit boards (PCBs) are usually required to be integrated and miniaturized by a variety of applications, such as 5G
microstrip antenna and millimeter wave radar, which require the used dielectric substrate materials with a low dielectric loss (Dg) and
a high dielectric constant (Dy). The composite substrate prepared by filling dielectric ceramics into organic polymers has good
machinability and superior dielectric properties, which is regarded as the most promising solution. However, the physical and
chemical indexes, dielectric properties of the ceramic filler and its compatibility with organic resins are three key factors affecting the
comprehensive properties of organic/inorganic composites. In this paper, a micron-spherical filler with a high sphericity and a high
crystallinity was prepared by a special spheroidization technology with titanium dioxide material with superior dielectric properties
(i.e., Dy=110, D¢~ 0.001, dielectric constant temperature coefficient (a) ~ —700x107¢ ‘C™"). The compatibility between the filler and
organic resin is improved after the surface modification of TiO, filler. Also, the dielectric constant temperature coefficient of TiO,
filler is regulated by Al,O; doping. The composite substrate filling with 20% (in mass) Al,O; exhibits the superior properties (i.€.,
D=10.2, D=0.001 9, and o= —405x107° “C™"). This indicates that the as-prepared ceramic filler has the promising characteristics for
potential applications of 5G high-frequency, high-dielectric PCBs.
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Fig. 1 XRD patterns of nano titanium dioxide precursors
(HTO) and micron-sized spherical titanium dioxide
(QTO) powders
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Fig. 2 SEM image of HTO
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Fig. 3 Microstructures and morphological analysis of printed circuit board (PCB) and QTO powders
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Fig. 4 Particle size distribution curves of QTO filler
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Table 1 Inductive coupled plasma emission spectrometer
(ICP) semi-quantitative test results of QTO filler
w/10°°

Ba K Zr Si Na Sr Fe Ca

33.11 28.05 2541 1571 1412  6.33 4.53 2.95

W is mass fraction.
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Fig. 5 Full element scan image and corresponding element distributions of Ti. O. Si. C of QTO filler
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K6 AR QTO FURHK Al A
Fig. 6 Contact angles of water droplet on QTO fillers with different modifiers

K7 AR IG5 i R i P98 SN £ e i
Fig. 7 FT-IR spectra of QTO fillers with different modifiers
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Fig. 8 Change regulation of conductivity during hydrolysis of KBM-503 at different reaction conditions
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(a) Photograph of TiO,/PTFE composite

(c) Dielectric properties of TiO,/PTFE composites with
50% (in mass) QTO fillers

(e) Temperature stability of dielectric constant of composites

with different composite filler

(b) Dielectric properties of TiO./PTFE composites with different contents of QTO fillers

(d) Dielectric properties of several TiO,/PTFE composites with QTO

treated by different contents of modifiers

(f) Temperature stability of dielectric loss of composites with different composite filler

K9 TiOy/PTFE E&MEHK N HEPERE
Fig. 9 Dielectric properties of TiO,/PTFE composite
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