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Abstract: Polymer/ceramic composites are the most promising embedded capacitor material for organic
substrates application. Predicting the effective dielectric constant of polymer/ceramic composites is very important
for design of composite materials. In this paper, we measured the dielectric constant of epoxy/BaTiO; composite
embedded capacitor films with various BaTiO; particles loading for 5 different sizes BaTiO; powders.
Experimental data were fitted to several theoretical equations to find the equation useful for the prediction of
the effective dielectric constant of polymer/ceramic composites and also to estimate the dielectric constant of
BaTiO; powders. The Lichtenecker equation and the Jayasundere-Smith equation were useful for the prediction
of the effective dielectric constant of epoxy/BaTiO; composites. And calculated dielectric constants of the BaTiO;
powders were in the range of 100 to 600, which were lower than those of BaTiO; bulk ceramics.
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Fig. 1. SEM images of five different BaTiO; powders used in this study: (a) S1, (b) S2, (¢) S3, (d) S4, and (e) S5.
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Table 1. Characteristics of the 5 BaTiO; powders used in this study.
Particle size mm
Powder Specific surface area - - - Ba/Ti ratio
OWac! (mz/g) Volume mean size Geometric mean size Dssa by XRF
(av) (acn) (Lm)
S1 133 0.17320.067 0.151 0.078 0.999+0.003
S2 7.1 0.304+0.160 0.254 0.143 0.999+0.003
S3 4004 0.411+0.269 0.319 0.254 0.999+0.003
S4 24 0.893+0.402 0.832 0.424 0.999+0.003
S5 23 0.975+£0.436 0916 0.442 0.999+0.003
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Fig. 2. ECFs fabrication using a roll coating method.
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Table 2. Dielectric constants of BaTiO; powders calculated
from the Lichtenecker equation.

Calculated dielectric constant

Powder
Epoxy BT powder
Sl 4.64 176
S2 4.62 222
S3 453 250
S4 4.44 340
S5 4.44 275
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Fig. 5. Comparison of the prediction by Maxwell-Wagner
equation with the experimental data.
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Table 3. Morphology factors and dielectric constants of
BaTiO; powders calculated from the Yamada

equation.
Powder  Morphology factor (n) €
S1 0.19 2457
S2 0.17 6802
S3 0.16 2062
S4 0.14 Not determined
S5 0.16 Not determined
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Fig. 7. (a) Total deviations between measured data and
predicted data, (b) Comparison of the predictions by
the Jayasundere - Smith equation with the experimental
data.

Table 4. Dielectric constants of the BaTiO; powders calculated
from the Jayasundere-Smith equation.

Calculated dielectric

Particle size Minimum of

Powder (agn, um) cons;(a)lsvt dzt BT X(deviation)®
S1 0.151 160 0.0200
S2 0.254 282 0.0210
S3 0.319 415 0.0184
S4 0.832 oo 0.0152%
SS 0.916 562 0.0132

*This value corresponds to the €. = 20,000.
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