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Abstract: To meet the demand for high-performance flexible dielectric materials in microelectronics, giant-dielectric

(SmysTags)omuTinsOs (STTO) ceramics were employed as fillers, and polyvinylidene fluoride

(PVDF) was used as the

polymer matrix. STTO/PVDF composites with varying filler volume fractions were prepared via hot-pressing and

tape-casting routes, with the aim of systematically investigating the synergistic effects of processing methods and material

composition on the microstructure and dielectric properties of the composites. The hot-pressed composites predominantly

contained a-phase PVDF, whereas the tape-cast samples contained both «- and B-phase crystals. With increasing STTO

content, both types of composites display aggravated filler agglomeration and interfacial defects; however, the tape-cast

samples demonstrate superior microstructural densification. The tape-cast composites achieve a relatively high breakdown

strength, ranging from 235.3 kV/mm to 97.7 kV/mm, whereas the hot-pressed composites exhibit superior dielectric
(0.02~0.26). This work clarifies the

distinct advantages of these two processing routes: hot pressing is more suitable for applications requiring high permittivity,

performance, with a higher dielectric constant(10.0~60.4) and lower dielectric loss

whereas tape casting is preferable for insulation-critical scenarios requiring high breakdown strength.
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1 xSTTO/PVDF (x=0%~50%)XRD  :(a) ;(b)
Fig.1 XRD patterns of the xSTTO/PVDF composites (x=0 vol.%~50 vol.%): (a) hot pressing method; (b) casting method
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Fig.2 SEM images of the fractured surfaces of the ¥STTO/PVDF (x=10 vol.%~50 vol.%) composite bulk materials: (a) 10 vol.%;
(b) 20 vol.%; (c) 30 vol.%; (d) 40 vol.%; (e) 50 vol.%
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3 xSTTO/PVDF(x=10%~50%) SEM :(a) 10%; (b) 20%; (c) 30%; (d) 40%; (e) 50%
Fig.3 Surface SEM images of the xSTTO/PVDF (x=10 vol.%~50 vol.%) composite film materials: (a) 10 vol.%; (b) 20 vol.%;
(c) 30 vol.%; (d) 40 vol.%; (e) 50 vol.%

4 xSTTO/PVDF(x=0%~50%) Weibull , :(a, b) ;(c, d)
Fig.4 Weibull distributions, breakdown field strengths and shape factors of the xSTTO/PVDF (x=0 vol.%~50 vol.%) composite
materials: (a, b) hot pressing method; (c, d) casting method
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’ ° processes
’ Breakdown field strength/(kV -mm™)
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s191 1 , 0 169.0 2353
STTO ) E, 10 107.3 188.1
. , STTO 40% , 20 73.8 153.6
30 533 127.8
Ey(110.6 kV/mm) (40.6 kV/mm)
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169.0~29.5 kV/mm, E, 235.3~ 2 1 kHz xSTTO/PVDF(x=0%~50%)
97.7 kV/mm R

Tab.2 Dielectric constant and dielectric loss of the xSTTO/
> ’ PVDF (x=0 vol.%~50 vol.%) composites prepared via
different processes at 1 kHz and room temperature

. STTO (vol.%) hot pressing method casting method
5 xSTTO/PVDF (x= ¢ tand ¢ tand
0%-50%) ) 0 10.0 0.02 8.0 0.04
10 16.0 0.04 11.4 0.08
’ STTO/PVDF 20 233 0.12 17.8 0.15
s 30 36.6 0.16 19.9 0.22
. 20~10*Hz , 40 46.1 0.20 26.5 0.26
, Maxwell-Wagn- 50 60.4 0.26 35.9 0.33
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Fig.5 Variations in the dielectric properties of the xSTTO/PVDF (x=0 vol.%~50 vol.%) composite materials with frequency: (a, b) hot
pressing method; (c, d) casting method
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