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Abstract The BaTiO;/polyvinylidene fluoride (BaTiO5/
PVDF) polymer-based composites with different size and
concentration of BaTiO; particles were fabricated via a
simple physical mixing and subsequently hot-press pro-
cessing. Effect of the filler size and frequency on the
dielectric properties of the BaTiOz/PVDF binary compo-
sites was discussed. The result shows that the BaTiO3 size
has an effect on the morphology of the BaTiO;/PVDF
composites. The composites with 0.2 and 0.3 um BaTiO;
exhibit high dielectric permittivity than those with 0.4 and
0.5 um BaTiOs. The composite with 0.4 um BaTiO; has a
minimum dielectric permittivity except one with 0.1 um
BaTiO;. Dielectric loss of the BaTiO;/PVDF binary
composites changes slightly with the BaTiO; sizes. The
ternary BaTiO;/PVDF composites with 0.1 and 0.7 pum
BaTiO; in coexistence exhibit good dielectric properties.
As a result, the BaTiOs/PVDF ternary composites in this
study may have a promising application as dielectric
material in embedded capacitor.
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1 Introduction

Electronic ceramic BaTiO; has been utilized as an excellent
dielectric material in electronic industry. But BaTiO;
ceramic needs to be sintered at a high temperature, which
process consumes vast power. In addition, the ceramic
materials have lots of disadvantages, such as poor flexibil-
ity which are not well satisfied for fabrication of electronic
devices. To address these issues, ceramic/polymer compo-
sites have been evaluated as candidate dielectric materials
for new-type capacitors, since the combination of polymer
and ceramic may give the composites some advantages
from both sides by a careful design and preparation.
Although the composites employing conductive fillers
have made promising progress in the dielectric property [1—
5], ceramic/polymer composites are still attractive to
researchers because of simple and convenient process, cheap
cost and excellent property, such as low dielectric loss, low
conductivity and leakage current. In these studies [6—11],
different systems have been demonstrated in order to obtain
the desirable dielectric materials. In order to reach well-
balanced properties between high dielectric constant and low
leakage current, proper particle size elected for embedded
capacitors is 0.5~0.7 um in diameter [8]. Recently, nano-
sized ceramic powers has been utilized in order to increase
packing density resulted in higher permittivity and to
decrease film thickness of ceramic/polymer composites used
in embedded capacitor [7, 10]. It is also universally
acknowledged that the dispersion of ceramic filler within
the polymer matrix is a technical barrier for ceramic/polymer
composites. Although many formulation factors and process
factors could affect the particle dispersion, the use of
coupling agent, dispersant and surfactant have been found
to be an effective approach for improving dispersion [9, 12].
At present, improving the dispersion of ceramic filler within
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the polymer matrix, together with increasing the permittivity
of the polymer used in the composite, are the usual ways to
obtain permittivity as high as possible.

In this paper, effect of BaTiOj; size on dielectric property
of the binary BaTiO3/PVDF composites was discussed. The
dielectric property of ternary composites with two kinds of
BaTiOj; in diameter as a function of ceramic concentration
was investigated.

2 Experimental procedure

Two kinds of composites were preparation in this study.
One is binary BaTiO3/PVDF composites which were
obtained by with one size BaTiO; power. The other is
ternary BaTiO3/PVDF composites which were obtained by
with two kinds of BaTiO; in diameter (0.1 and 0.7 pm).
The volume ratio of BaTiO; with different diameter was
designed as 4:1. All kinds of BaTiO; powders were from
Guoteng Electronic Ceramic Company and PVDF, Shanghai
3F company, China.

These powders were mixed by a simple physical mixing.
The BaTiO3/PVDF mixtures were then hot-pressed at 200°C
and a desired pressure into disk-shape samples of about
12 mm in diameter and 1.2 mm in thickness. Ceramic
loading of 10, 40, 60 vol.% in binary composites and
ceramic loading of 30, 40, 50, 60, 70 vol.% in ternary com-

Fig. 1 Cross-section images of
the binary composites with dif-
ferent size BaTiO; powders at a
ceramic loading of 40 vol.%:
(a) 0.20 pm; (b) 0.30 pm;

(¢) 0.50 um and (d) 0.70 pum
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posites were prepared. The capacitance and tand values of the
thick films were measured in frequency range from 1 kHz to
40 MHz by employing a HP 4294 A impedance analyzer at
room temperature. The morphology of cross section of the
samples was observed by scanning electron microscopy
(SEM, JSE-6301F).

3 Results and discussion

Figure 1 shows cross section images of the binary BaTiOs/
PVDF composites (40 vol.% BaTiO;) with 0.2, 0.3, 0.5,
0.7 um ceramic powders, respectively. In Fig. 1(a), BaTiO;
particles are self-connected into a continuous random cluster
although there is a small quantity of BaTiO; aggregation.
PVDF exhibits considerable phase separation. However, in
Fig. 1(b),(c) and (d), the BaTiO; particles can be dispersed
in continuous PVDF phase. It is clear that the size of BaTiO;
has an effect on PVDF phase in the composites.

Frequency dependence of the dielectric permittivity of
the binary composites with BaTiO5 loading volume fraction
at 0.10, 0.40 and 0.60 are shown in Fig. 2, respectively. It
can be found that dielectric permittivity of the binary
composites at the same ceramic loading volume has no
simple change with ceramic size. The composites (10 vol.%
BaTiO;) with 0.1, 0.2 and 0.3 um BaTiOs; show higher
dielectric permittivity than other. But at 40 vol.% BaTiOs;,
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Fig. 2 Frequency dependence of dielectric permittivity of the binary
BaTiO;/PVDF composites with different size BaTiO; (a) 10 vol.%,
(b) 40 vol.%, (c¢) 60 vol.% measured at room temperature

dielectric permittivity of the composites with 0.7 pm
BaTiO; shows a maximum value in all composites, which
can attribute to increase of dielectric constant of BaTiO;
powders resulted from the increase of tetragonality phase
[8] and occurrence of cluster structure of BaTiO3 [13]. As
the ceramic loading volume increase, the dielectric pre-
dominance of the composite with 0.7 um BaTiO; is more
obvious. However, it should be noted that in Fig. 2,
dielectric permittivity of the composites with 0.2 and
0.3 um BaTiO; are higher than those with 0.40 and
0.50 um BaTiO3. According to Fig. 1, it is assumed that

there is more chance for BaTiO; particles to form a
continuous random cluster with the decrease of BaTiO;
size, which might induce to form small aggregated cluster
structure at relatively low loading volume of BaTiO3. As a
result, the dipole-dipole interaction increases and contrib-
utes to higher dielectric permittivity. In addition, the
composite with 0.4 um BaTiO; has lower dielectric
permittivity than other composites, except the composites
with 0.1 um BaTiO3; which has the lowest dielectric
constant in all composites at ceramic loading of 40 and
60 vol.% due to the cubic structure of 0.1 um BaTiO;.
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Fig. 3 Frequency dependence of dielectric loss of the binary
BaTiO;/PVDF composites with different size BaTiO; ; (a) 10 vol.%,
(b) 40 vol.%, (c¢) 60 vol.% measured at room temperature

@ Springer



J Electroceram (2008) 21:381-384

384
250
B f oy~ 30 VOLY%
—O0— 40 vol.%
200 | —A— 50 vol.%
—V— 60 vol.%
150 BOBBOABABAINN A $ 70 vol.%

NANANAXD
VA A
NAARXXDD N

@ 100 ?mewm%@w

Fig. 4 Frequency dependence of dielectric permittivity of the BaTiO3/
PVDF ternary composites with different BaTiO; volume fraction
measured at room temperature

Dependence of dielectric loss of the binary composites
with different size BaTiOs on frequency at room temperature
is shown in Fig. 3. It can be found that the binary composites
exhibit a similar dielectric loss behavior as the BaTiO;
loading volume increases at the measured frequency of less
than 3 MHz. When the frequency is lower than about
20 kHz, dielectric loss of the binary composites is higher
than that of PVDF. In particular, the binary composites with
0.1 um BaTiO5 show higher dielectric loss than those with
other size BaTiO; at ceramic loading of 40 and 60 vol.%.
Even with 60 vol.% BaTiOs, the dielectric loss value of the
binary composite with 0.1 wm BaTiOs is more than 0.06,
which can not fulfill the requirement of the embedded
capacitor application. It is clear that the volume fraction of
0.1 um BaTiO; has a heave effect on dielectric loss of the
composites in frequency range of lower than about 20 kHz.
When the frequency measured is more than about 20 kHz,
the dielectric loss values of the binary composites decrease
as BaTiO; volume fraction increases and the BaTiO; size
decreases, especially for the composite with 0.1 pm BaTiOs.

Figure 4 shows frequency dependence of dielectric
permittivity of the ternary BaTiO3/PVDF composites with
different loading volume of BaTiOj3 at room temperature. In
the measured frequency, compared with in Fig. 2, the
dielectric permittivity of the ternary composites is higher
than those of the binary composites at same loading
concentration. The dielectric permittivity value of 76.23 at
1 kHz and 69.57 at 100 kHz are achieved at 50 vol.%
BaTiO;. And the maximum value of the dielectric permit-
tivity in this work reaches to 152.25 at 1 kHz and 142.08 at
100 kHz irrespectively at 70 vol.% BaTiOj;. It can also be
found that when the loading volume of BaTiO; ranges from
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50 to 60 vol.%, the value of the dielectric permittivity
increases rapidly. The increasing value of dielectric permit-
tivity is about 45 in frequency range of less than 1 MHz.
Maybe it is because that pores in the ternary composites
between BaTiO; and PVDF are much less than that in the
binary composite, which could be attributed that the
particles of 0.1 pum BaTiO; fill the interstitial space
between 0.7 um BaTiO; and PVDF. As we know, the
pores are unable to contribute to the increase of dielectric
permittivity. Furthermore, the main reason is likely due to
the fact that more ceramic particle can contact each other
and the dipole-dipole interaction increases.

4 Conclusion

The size of BaTiO; particle has an important effect on di-
electric permittivity of the BaTiOs;/PVDF composites studied
in this study, which results from the change of the
microstructure of the BaTiOs/PVDF composites when the
BaTiO; with different sizes is utilized. Dielectric loss values
of the binary composites have slight change with the size of
BaTiOs. But the volume concentration of 0.1 um BaTiO3
has heave effect on dielectric loss of the composites in fre-
quency range of lower than about 20 kHz. The BaTiO3/
PVDF ternary composites exhibit higher dielectric permit-
tivity than binary composites. The reason for the result is
related to the less porosity and more dipole-dipole interaction
in the ternary composites. As a result, the BaTiO;/PVDF
ternary composites in this study can be a promising material
deserving to investigate for embedded capacitor further.

References

1. L.I. Trakhtenberg, E. Axelrod, G.N. Gerasimov, E.V. Nikolaeva,
E.I. Smirnova, J. Non-Cryst. Solids 305, 190 (2002)
2. ZM. Dang, Y. Shen, C.W. Nan, Appl. Phys. Lett. 81, 25 (2002)
3. Z.M. Dang, L.Z. Fan, Y. Shen, C.W. Nan, Chem. Phys. Lett. 369,
95 (2003)
4. ZM. Dang, L.Z. Fan, Y. Shen, C.W. Nan, Mater. Sci. Eng. B 103,
140 (2003)
5. P. Xu, Z.Y. Li, Physica B 348, 101 (2004)
6. S. Ogitani, P.A. Koho, IEEE Trans. Adv. Packaging 23, (2000)
7. Y. Rao, J. Yue, C.P. Wong, International Symposium on Advanced
Packaging Materials (2001)
8. S.D. Cho, J.Y. Lee, K.W. Paik, the Ist Symposium on Electronic
Materials and Packaging (2001)
9. L.H. Fan, Y. Rao, C. Tison, K.S. Moon, S.V. Pothukuchi, C.P. Wong,
2002 Electronic Components and Technology Conference (2002)
10. S.D. Cho, J.Y. Lee, K.W. Paik, Mater. Sci. Eng. B 110, 233 (2004)
11. D. Sinha, PX.C. Pillai, Mater. Sci. Lett. 8, 673 (1989)
12. T. Yagi, M. Tatemoto, J. Sako, Polym. J. 12, 209 (1980)
13. C.W. Na, Prog. Mater. Sci. 37, 1 (1993)



	Effect of BaTiO3 size on dielectric property of BaTiO3/PVDF composites
	Abstract
	Introduction
	Experimental procedure
	Results and discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


