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Relationship between structure and properties of high frequency microwave substrate based on different

PTFE emulsion systems
CUI Mengting , ZHOU Wei, LI Wanqing , LONG Jin
(School of light industry science and engineering, South China University of technology, Guangzhou 510640, China)

Abstract : Materials prepared from polytetrafluoroethylene (PTFE) emulsion are widely used in manufacturing high-frequency
microwave substrates due to its excellent electrical and mechanical properties. However, PTFE emulsions from different manufactur-
ers vary in their dielectric and mechanical properties of the substrates, which directly affect the comprehensive performance of the
substrates. Four PTFE emulsions (DF-301, SFN-1, DISP-40, and D711) were selected. Their dispersion characteristics, PTFE molec-
ular weight, and crystallinity were investigated. PTFE/glass fiber composite substrates were then fabricated under identical process-
ing conditions. A comparative analysis of the dielectric, moisture-absorption, mechanical, and thermal dimensional stability of the
substrates was conducted. The results indicate that the dispersion stability of the emulsions such as Zeta potential of -21.23 to
-59.86 mV and particle size (176 to 277 nm) determine the forming uniformity. Meanwhile, PTFE molecular weight (2.23x10° to
7.16x10%) and crystallinity (34.65% to 44.10%) jointly regulate the sintering flowability and pore closure, thereby controlling the
synergistic performance of interface defects and the dielectric, mechanical, and thermal dimensional stability. For the PTFE/glass
fiber composite substrates, the dielectric constant at 10 GHz ranges from 2.274 to 2.314, and the dielectric loss (tand) increases by an
order of magnitude compared to pure PTFE sheets, reaching 1.03x107 to 1.74x10~. Among them, the DISP-40 substrate, with good

dispersion stability and moderate molecular weight and crystallinity, exhibits the lowest tané and water absorption. The mechanical
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properties are jointly influenced by melt fluidity, interfacial wetting, and structural density, the D711 substrate shows the highest

tensile strength and that of the SFN-1 substrate is the lowest. Regarding thermal dimensional stability, the through-plane coefficients
of thermal expansion (CTE) in Z-direction within 0 to 100 °C range from 89.5x10° to 228.6x107° °C™". The DF-301 substrate with

high crystallinity exhibits the lowest CTE in Z-direction. In conclusion, the properties of the substrates can be tailored by engineer-

ing the emulsion characteristics. The DF-301 has an advantage in reducing Z-direction CTE, and DISP-40 is more conducive to

obtaining substrates with low loss and better overall performance.

Keywords : PTFE emulsion ; PTFE sheet ; high-frequency microwave substrate ; dielectric property ; mechanical property ;

thermal property
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Fig. 1 Preparation process of polytetrafluoroethylene sheet
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Types of lotion Particle size/nm Zeta potential/mV
DF-301 224 -43.17
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D711 277 -21.23
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Fig.2 Mass residual rate-time curves of four PTFE emulsions after

drying treatment
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Tab.2 Molecular weight and crystallinity of PTFE in four PTFE

emulsions
PTFE emulsions Crystallinity/% Molecular weight/10°
DF-301 44.10 2.23
SFN-1 34.65 7.16
DISP-40 39.95 5.27
D711 39.00 3.28
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Fig. 3 Melting enthalpy and crystallization enthalpy of PTFE in four
PTFE emulsions
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Fig. 4 Surface morphology of PTFE particles in four PTFE emulsions
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Tab.3 Dielectric property parameters of PTFE sheets from differ-

ent emulsion sources at 10 GHz

Items DF-301 SFN-1 DISP-40 D711

¢@10 GHz 2.031 2.038 2.041 2.126
tand@10 GHz 0.000 158 0.000 162 0.000 147 0.000 178

Sample thickness/pm 1144 124.1 124.7 121.4

Notes: ¢, is relative permittivity; tand is dielectric loss tangent.
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Fig. 5 Micrographs of PTFE based microwave dielectric substrates

from different emulsion sources
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Tab. 4 dielectric properties of PTFE based microwave dielectric

substrates prepared by different emulsions

RT/duroid"”
Items A B C D 5380
@10 GHz 2.300 2.314 2.299 2.274 2.2

tan6@10 GHz 0.001 16 0.001 74 0.001 03 0.00127  0.000 9
Thickness/um  794.5 731.9 757.4 737.6 ——

Notes: A, B, C, and D denote the microwave substrates fabricated with
DF-301, SFN-1, DISP-40, and D711 PTFE emulsions, respectively.
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Fig. 6 Water absorption and density of PTFE based microwave dielec-

tric substrates from different emulsion sources
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Fig. 7 Tensile strength and tensile modulus of PTFE based microwave

DF-301 SFN-1

dielectric substrates from different emulsion sources
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Fig. 8 Thermal diffusivity and thermal conductivity of PTFE based

microwave dielectric substrates from different emulsion sources
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