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Abstract: Polymer/ceramic composite is of great interest as a dielectric material for embedded
capacitors. This paper is concerned in the effects of BaTiO; particle size on epoxy/BaTiO; composite films
for embedded capacitors. 6 different size powders smaller than 1 pum in diameter and bisphenol-A type
epoxy were used for this experiment. Dielectric constant of the epoxy/BaTiO; composite capacitors
increases as the powder size increases at the same powder loading, which is due to the increase of
tetragonality of the powders as particle size increases. And leakage current of the capacitors also increases
dramatically as the powder size increases. It was explained that this is due to the decrease of the number
of BaTiOs/epoxy/BaTiO; potential barriers per unit length and, moreover, the enhancement of potential
barrier lowering effects caused by increase of potential drop per one barrier. As a result, there is tradeoff
between high dielectric constant and low leakage current in the epoxy/BaTiO; composite capacitors. So
it is important to select proper size BaTiO; powders in accordance with needs.
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Table 1. Characteristics of powders used for this study

Particle size (um) Spec. surface

Powder # area (m%/g) Dispersant
Dy Dinea by BET (wt%)
S- 01 0.173 0.151 13£3 24
S- 02 0.334 0.254 7.1 1.6
S- 03 0411 0.319 4.0+0.4 2.2
S-05B 0.811 0.752 2.2 1.6
S- 04 0.893 0.832 24 1.6
S- 05 0.975 0.916 2.3 1.4

Ba/Ti ratio: 0.999+0.003, PSA: particle Size Analysis,
These are based on the data provided by manufacturers.
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Fig. 1. SEM images of BaTiO; powders used for the study; (a) S-01, (b) S-02, (c) S-03, (d) S-05B, (e) S-04, and (f) S-0.
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Fig. 2. Particle size distributions of the 6 powders.
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Fig. 3. XRD pattern of the powders as a function of 20 ranging from (a) 35° to 60°, and (b) 44.5° to 46°.
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Table 2. Measured values of properties of epoxy/BaTiO; composite capacitors with various powders

Coating speed Thickness Capacitance . .
Powder (rpm) (um) (nFlem?) Dielectric loss
s o1 2000 4.249 9.014 0.0225
4000 2.403 15.75 0.0239
S 0 2000 4.253 10.84 0.0228
) 4000 2.72 14.96 0.0218
2000 4.5 11.65 0.0232
S- 03
4000 2.873 16.95 0.0236
2000 4.192 13.37 0.0214
S- 05B
4000 2.725 21.30 0.0257
S o4 2000 4.352 13.24 0.0266
4000 3.761 18.46 0.0253
S 05 2000 3.74 14.81 0.0229
4000 2.55 22.08 0.0241
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Fig. 4. Difference between (002) peak and (200) peak
positions.
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