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Abstract In this study, calcium copper titanate, CaCus;.
Ti401, (CCTO) was used as filler in epoxy composite using
different mixing and fabrication methods to investigate
their suitability as dielectric materials for embedded
capacitor. Results show that 20 vol% CCTO/epoxy com-
posite produced using ultrasonic mixing method yield
slightly higher dielectric constant, Ts¢, and T, as com-
pared to 20 vol% CCTO/epoxy composite produced using
agate mortar method. Meanwhile, sample with 20 vol%
CCTOl/epoxy composite fabricated using spin coating
method shows slightly higher dielectric constant, Tsq,
T,pnser and E', and lower CTE value compared to 20 vol%
CCTO/epoxy composite fabricated using hot press method.
Nevertheless, 40 vol% CCTO/epoxy composite fabricated
using hot press method shows the highest dielectric con-
stant, Tsq, T,,s; and E’, and lowest CTE value compared to
all composites. In short, composite produced using ultra-
sonic as mixing method and spin coating as fabrication
method are suitable to be utilized to produce epoxy com-
posite as dielectric materials for embedded capacitor
applications.

1 Introduction
Passive components such as resistors, capacitors and

inductors are widely used in the microelectronic packaging
industry [1]. These components refer to the type of
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electrical components that cannot generate power. Nearly
80 % of the printed circuit board (PCB) is occupied by
passive components, therefore research on the passive
component are still developing so that the number of pas-
sives is steadily growing with high functionality of elec-
tronic devices [2]. Among passive components, special
interest is focused on capacitors because it can be used to
store energy in electric field. Recently, there have been
intensive studies concerned with embedding the capacitors
in microelectronics packages as to replace the discrete
capacitors. By embedding the capacitors in the form of thin
film aids further miniaturization and allows the number of
solder joints to be reduced [3].

Generally, polymer—ceramic composites have been
pursued as the most promising dielectric materials for
embedded capacitors in the organic package due to lower
processing temperature (<250 °C), high flexibility and
lower cost. This is due to the combination of ceramic fillers
that offer high dielectric constant and polymer matrix that
can be processed under low temperature and their pro-
cessing method can be controlled easily. Previous studies
reported that epoxy resin is one of the most common type
of thermosetting resin used in electronic packaging appli-
cations. Epoxy resin offers advantages in terms of flexi-
bility, compatibility, low processing temperature and can
be easily fabricated into various shapes. However, the
dielectric constant of epoxy resin is low which is not
suitable to be used as dielectric material for embedded
capacitor. Therefore, by incorporating epoxy resin with
ceramic filler can produce epoxy composites with high
dielectric constant [4]. Based on the dielectric constant
value, one of the most promising materials that can be used
as ceramic fillers in epoxy resin is calcium copper titanate,
CaCu;3Ti4Oq, (CCTO). CCTO ceramic which has cen-
trosymmetric bcc structure (space group Im3, lattice
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parameter a ~ 0.7391 nm, and Z = 2), has been used as a
filler due to lead-free, environment friendly and high
dielectric constant ceramic which is about ~ 10° [35, 6].
Ceramic filler/epoxy composites require suitable and
correct selection of mixing and fabrication methods in
order to achieve excellent dielectric and thermal properties
for embedded capacitor applications. Methods to mix
CCTO filler and epoxy matrix using agate mortar and
ultrasonic are considered in this study. Advantages of using
agate mortar mixing method are easy process, low cost and
required simple set up, whereas ultrasonic mixing method
offers homogeneous dispersion of fillers in polymer matrix
and force can be easily controlled. Besides that, to enable
the dielectric materials to be embedded inside the PCB
substrate, the thickness of the composite should be less
than 0.25 mm. Few fabrication methods have been exten-
sively used to produce thin film composites such as spin
coating, hot press and tape casting, dip coating, solvent
casting method, drop coating method and more [7-11].
Table 1 shows the comparison of plastic film fabrication

Table 1 Plastic film fabrication methods

methods. In the present study, fabrication of CCTO/epoxy
composites using spin coating and hot press are considered.

In this study, attention was paid to investigate the
dielectric and thermal properties of CCTO/epoxy com-
posites produced using different mixing methods and dif-
ferent fabrication methods.

2 Materials and methodology
2.1 Materials

Epoxy resin type D.ER.™ 332 (bisphenol-A digly-
cidylether) supplied by Penchem Technologies Sdn. Bhd
with a density of 1.16 g/cm® at 25 °C was used in this
study. The curing agent used was polyetheramine D230
supplied by BASF Corporation with a density of 0.946
g/cm3. Calcium copper titanate, CaCu3Ti4O, (CCTO)
powders were synthesized using solid state reaction method
[12, 13]. The starting materials of CaO (Aldrich, 99 %),

Method Advantages

Disadvantages Reference

Spin coating Good thickness control

Produce film ranging from nano
to micron

Produce flat substrate
Good uniformity of film
Fast production rate

Easy to be commercialized due to
controlled thickness and production

rate
Hot press Good thickness control
Produce flat substrate

Good uniformity of film

Fast production rate but slower than
spin coating method

Simple fabrication control

Dip coating Produce film ranging from nano

to micron

Less expensive

Solvent casting Produce flat substrate
Fast production rate
Cheapest

Simple fabrication control

Expensive Voo et al. [7]

Complex fabrication control

Produce film in micron size only Seema et al. [8]
Expensive

Difficult to be commercialized due
to slow production rate

Poor thickness control Li et al. [9]

Produce irregular shape substrate
Poor uniformity of film

Slow production rate

Complex fabrication control

Difficult to be commercialized due to
variability in thickness uniformity
Poor thickness control Nan [10]
Produce film in micron size only

Poor uniformity of film

Difficult to be commercialized due to
difficulty in thickness controlled
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TiO, (Merck, 99 %), and CuO (Aldrich, 99 %) were
weighted according to the stoichiometric ratios of CCTO.
The starting materials were dry ball milled for 24 h using
zirconia balls as medium. Calcination process takes place
after mixing process. The milled powders were calcined
using Electrical Carbolite Furnace (model: CWF 1100) at
900 °C for 12 h. The calcined powders were then ground
by using agate mortar and been used as fillers for pro-
duction of epoxy composites. Table 2 presents the general
properties of CCTO ceramic.

2.2 Different mixing methods of CCTO/epoxy
composites

Two types of mixing methods were used in the present study;
simple mixing method using agate mortar and ultrasonic
mixing. The maximum loading for agate mortar was
20 vol% while ultrasonic is able to achieve high filler load-
ing up to 40 vol%. Zheng et al. [14] in their study reported
that agate mortar mixing method is preferred since this
mixing method requires low-cost set up and easy to be
handled. In this method, the mixture of epoxy and 20 vol%
CCTO filler was ground by using agate mortar at room
temperature for 5 min. Once the grounding process was
completed, the hardener was added into the mixture at a ratio
of 100:32 and ground again for 10 min at room temperature.
The mixture was placed in a vacuum oven (Nuve EV 018)
1 h for degassing to remove the air entrapped in the mixture.
After the degassing stage, the samples were cured using hot
press (model GT-7014-A30C from Gotech Testing Machi-
nes Inc) for 2 h at 80 °C with pressure 300 psi.

For ultrasonic mixing method, the amount of the CCTO
filler used in the epoxy resin was varied from 20 to
40 vol%. The mixture of epoxy and CCTO filler was
sonicated for 10 min with 50 % amplitude and 0.5 soni-
cation cycle at room temperature. Once the sonication was
completed, the hardener was then added at a ratio 100:32
by weight (epoxy:curing agent), and the mixture was fur-
ther sonicated for another 10 min in an ice water bath. The
mixture was placed in a vacuum oven for 1 h to remove the
air entrapped in the mixture during mixing. The hot press
was used to shape the samples. The duration to cure the
mixture using hot press is 2 h and the temperature is set to
80 °C under the applied pressure of 300 psi. The samples
were labelled as AM and US for agate mortar and

Table 2 Characteristics of CCTO ceramic

Properties CCTO
Shape Irregular
Average particle size, dso (um) 5.01
Span factor 2.63
Dielectric constant 10°
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ultrasonic mixing method, respectively. The numbers in
front of samples are referring to % of vol. filler used in the
samples; i.e. 20 CEC refers to 20 vol% CCTO/epoxy
composite, 30 CEC refers to 30 vol% CCTO/epoxy com-
posite and 40 CEC refers to 40 vol% CCTO/epoxy com-
posite. Various composites fabricated using different
mixing methods are listed in Table 3.

2.3 Different fabrication methods of CCTO/epoxy
composites

Ultrasonic mixing method was further used as a mixing
method for the preparation of epoxy composites using two
different fabrication methods; hot press method and spin
coating method. For the preparation of CCTO/epoxy
composites produced using hot press method, the same
procedures and parameters of ultrasonic mixing method as
mentioned in Sect. 2.2 were used in this study. The
thickness of CCTO/epoxy composites produced by hot
press method ranging from 30 to 45 mm.

Meanwhile for spin coating method, the final mixture of
20 vol% CCTO and epoxy resin produced using the same
procedure of ultrasonic mixing method as mentioned pre-
viously in Sect. 2.2 were spin coated at rate of 250-750
rpm for 180 s. The epoxy thin film composites produced by
spin coated was cured at 80 °C for 2 h. The thickness of
CCTO/epoxy thin film composites produced by spin coat-
ing method ranging from 30 to 70 pm. The samples were
labelled as HP and SC for hot press method and spin
coating method, respectively. The numbers in front of
samples are referring to % of vol. filler used in the samples;
i.e. 20 CEC refers to 20 vol% CCTO/epoxy composite, 30
CEC refers to 30 vol% CCTO/epoxy composite and 40
CEC refers to 40 vol% CCTO/epoxy composite. Various
composites produced using different fabrication methods
are listed in Table 4.

2.4 Characterization techniques

Dielectric constants were measured using an Agilent LCR
meter. The frequency range of 100 Hz—1 MHz was used
for the testing. In the testing, the samples were evenly
painted by silver conductive paint at both sides. The
morphology of the fractured samples of the composites
were characterized by using field emission scanning elec-
tron microscope (FESEM) (Zeiss SUPRA 35VP). Ther-
mogravimetric analysis (TGA) was done using the Perkin
Elmer Pyris 6 to determine the change in mass or weight
loss with respect of temperature. The temperature was set
from 30 to 600 °C with the heating rate of 10 °C/min and
conducted under N, atmosphere. Dynamic mechanical
analysis (DMA) was performed for epoxy composites
using Mettler Toledo DMA 861° analyzer. Note that only
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Table 3 Description of the

C Sit
sample codes for epoxy omposite

Sample code

composites fabricated using
different mixing methods

20 vol% CCTO/epoxy composite mixed using ultrasonic
30 vol% CCTO/epoxy composite mixed using ultrasonic

40 vol% CCTO/epoxy composite mixed using ultrasonic

20 vol% CCTO/epoxy composite mixed using agate mortar

20 CEC (AM)
20 CEC (US)
30 CEC (US)
40 CEC (US)

Table 4 Description of the

sample codes for epoxy Composite

Sample code

composites produced using
different fabrication methods

20 vol% CCTO/epoxy composite fabricated using hot press
30 vol% CCTO/epoxy composite fabricated using hot press
40 vol% CCTO/epoxy composite fabricated using hot press

20 vol% CCTO/epoxy composite fabricated using spin coating

20 CEC (SC)
20 CEC (HP)
30 CEC (HP)
40 CEC (HP)

unfilled epoxy and ceramic fillers filled epoxy composites
with the highest filler loading were selected for the testing.
The measurements were done using tensile mode. All of
the specimens were in the form of solid rectangular bar
having a dimension of approximately 20 mm length, 3 mm
width and 0.07 mm thickness. The temperature was
increased from room temperature to 130 °C at a heating
rate of 5 °C/min and frequency of 1 Hz. Coefficient of
thermal expansion (CTE) before T, was measured using the
thermal mechanical analysis (TMA) instrument type Perkin
Elmer TMA-7. The temperature range used was 30-130 °C
and the heating rate was 10 °C/min for both heating; first
and second heatings.

3 Results and discussion
3.1 Effect of mixing methods
3.1.1 Dielectric properties

Figure 1 illustrates the dielectric constant of CCTO/epoxy
composites prepared using different mixing methods; agate
mortar (referred as AM) and ultrasonic (referred as US). It
is found that by using US method, CCTO filler can be
loaded up to 40 vol% while 20 vol% can be mixed using
AM method. The dielectric measurement is carried out at
room temperature at frequency range from 100 Hz to
1 MHz. It is observed that slightly higher dielectric con-
stant is observed in 20 CEC (US) compared to that of 20
CEC (AM), where the values at 100 Hz are 18 and 17.1,
respectively. However, the difference in dielectric constant
of both composites are not much and can be considered as
tolerance effect due to similar amount of CCTO used in
epoxy matrix. The dielectric constant increased subse-
quently with increasing of CCTO filler in epoxy matrix, up
to 40 vol% for composites produced using US. However,

the dielectric constant gradually decreases as the frequency
increased for all composite systems. This is due to shorter
time is required for CCTO filler and epoxy dipole moments
to polarize and keep up with the applied alternating current
electric fields when tested at high frequency [15]. Based on
Fig. 2, the fillers are well dispersed in epoxy matrix for
composites produced using ultrasonic method compared to
agate mortar method (Fig. 2c, d) as the force being applied
to mix the epoxy, hardener and CCTO can be constantly
controlled. It is noted that the applied pressure is not
transmitted uniformly by using agate mortar mixing
method due to human nature which then lead to lower
dielectric constant of 20 CEC (AM) as compared to 20
CEC (US). However, when the filler loading increases in
US method, slight agglomeration can be observed in the
composites, i.e. 30 CEC (US) and 40 CEC (US), respec-
tively. Apparently, there is a tendency for the CCTO filler
to be sedimented in epoxy matrix due to different in the
density between CCTO filler and epoxy matrix.

The dielectric loss of of CCTO/epoxy composites pre-
pared using different mixing methods; agate mortar and
ultrasonic is shown in Fig. 3. It can be seen that the
dielectric loss values of 20 CEC (US) and 30 CEC (US) are
slightly lower as compared to 20 CEC (AM) and 40 CEC
(US). Moreover, all composites produced using ultrasonic
mixing method show decreasing trend in the 100 Hz to
~1 kHz frequency range and rapidly increases at high
frequency (>10° Hz). Meanwhile for composite produced
using agate mortar mixing method show increasing trend
from 100 Hz to 1 MHz. Both trends are reported due to the
dielectric relaxations. Epoxy resin generated relaxation
process near its T, in all composites. The relaxation was
affected by the interfacial polarization process known as
Maxwell-Wagner—Sillar which generated by CCTO parti-
cles. In the polarization process, it produced an accumu-
lation of charges around the CCTO interfaces that
displaced peaks to higher frequency [16].
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Fig. 1 Dielectric constant of

unfilled epoxy and CCTO/ 30 7
epoxy composites at different
mixing methods
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3.1.2 Thermogravimetric analysis (TGA)

In order to examine the thermal stability, thermogravi-
metric analysis was carried out on unfilled epoxy and
CCTO/epoxy composites using agate mortar and ultrasonic
mixing methods, respectively. The TGA curve obtained for
the composites is illustrated in Fig. 4. The detail informa-
tion of thermal stability such as initial degradation tem-
perature, Tsq, (°C) and onset degradation temperature,
Tyuser (°C) are reported in Table 5.

The TGA results illustrated that the addition of CCTO
fillers into epoxy system improved the Ts¢, and T, of
the composite systems. By comparing 20 CEC (US) and
20 CEC (AM), it is observed that 20 CEC (US) shows
slightly higher Ts¢, and T,,,., than 20 CEC (AM). This
result can be attributed to the good dispersion state of the
filler in the polymer matrix which slowed down the
diffusion volatile and degradation process. Therefore,
increase the movement restriction of the epoxy matrix
because the composite system requires higher thermal
energy to degrade [17, 18]. Among all the composites
shown in Fig. 4, 40 CEC (US) shows the highest Tsq,
and T,,., compared to unfilled epoxy and other com-
posites. This is due to higher possibility of fillers to
inhibit the segmental movement of epoxy at higher filler
loading than that of low filler loading, hence slowing
down the degradation process. This proved that the
CCTO/epoxy composite produced by ultrasonic mixing
method promoted good thermal stability than unfilled
epoxy and composite produced by agate mortar mixing
method.

@ Springer

3.2 Effect of fabrication methods
3.2.1 Dielectric properties

Figures 5 and 6 illustrate the dielectric constant and dielec-
tric loss of CCTO/epoxy composites at different fabrication
methods; hot press method (referred as HP) and spin coating
method (referred as SC). Sample with 20 vol% CCTO/epoxy
(SC) is compared with CCTO/epoxy (HP) at different filler
loadings; 20, 30 and 40 vol%, respectively. Based on the
previous studies by Thomas et al. [19], the CCTO filler
loading can be added up to 38 vol% in poly(methyl
methacrylate) composite by using hot press method. One of
the advantages of using hot press method over the spin
coating method is the fabrication of epoxy thin film com-
posite can be produced at high filler loading. It is reiterated
that maximum filler loading up to 20 vol% can be prepared
by spin coating method, however by using hot press, amount
of filler used can be increased to 40 vol%.

From the figure, it can be seen that slightly higher
dielectric constant is observed in 20 vol% CCTO/epoxy
(SC) compared to that of 20 vol% CCTO/epoxy (HP),
where the values at 100 Hz are 17.4 and 15.3, respectively.
This might be due to better dispersion and less clustering of
CCTO filler in the epoxy matrix for composite produced by
spin coating method as shown in Fig. 7. Moreover, it was
found that the dielectric constant continue to increase with
increasing of CCTO content (up to 40 vol%) in the epoxy
system for hot press method. However, the dielectric
constant gradually decreases as the frequency increased for
both fabrication methods [20-22].
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Fig. 2 SEM micrographs of fracture surface of a, b unfilled epoxy, ¢, d 20 CEC (AM), e, f 20 CEC (US), g, h 30 CEC (US) and i, j 40 CEC (US)
[magnifications of x500 for (c, e, g, i), x1500 for (a) and x5000 for (b, d, f, h, j)]
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Fig. 3 Dielectric loss of
unfilled epoxy and CCTO/ 0.09 1
epoxy composites at different
mixing methods
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Table 5 Decomposition Composite Initial degradation Onset degradation

temperature of unfilled epoxy
and various filler loading on

temperature, T'sq, (°C) temperature, 7,,.; (°C)

epoxy composites fabricated

) g > Unfilled epoxy
using different mixing methods

20 CEC (AM)
20 CEC (US)
40 CEC (US)

285 331
344 357.5
349.6 360
362.5 363.3

The dielectric loss of CCTO/epoxy thin film composites
fabricated using spin coating method and hot press method
are shown in Fig. 6. Low dielectric loss value is required
for electronic packaging applications to minimize energy
loss in the package. Sample with 20 vol% CCTO/epoxy

@ Springer

(SC) exhibits the lowest dielectric loss (measured at
100 Hz) compared to 20 vol% CCTO/epoxy (HP), 30
vol% CCTO/epoxy (HP) and 40 vol% CCTO/epoxy (HP)
with a value of 1.7 x 1072, 2.4 x 1072, 4.3 x 10”2 and
5.7 x 10_2, respectively. However, it can be seen that the
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Fig. 5 Dielectric constant of
unfilled epoxy and CCTO/
epoxy composites at different
fabrication methods
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dielectric loss increased with increasing of CCTO filler in
epoxy matrix. Moreover, there is a sudden drop of
dielectric loss in the 100 Hz to ~1 kHz frequency range
and rapidly increases at high frequency (>10° Hz) for all
composites due to dielectric relaxations. The same trend of
increment in the dielectric loss was also observed with
increasing of CCTO content in the epoxy matrix which is
believed to be related to the relaxation process in the
polymer matrix [16, 23].

Figure 7a-h presents the fracture surfaces of the CCTO/
epoxy thin film composites produced at different fabrica-
tion methods; spin coating (SC) method and hot press (HP)
method. By comparing the fracture surface of 20 vol%

1000 10000

Frequency (Hz)

100000 1000000

CCTO/epoxy thin film composites at different fabrication
methods, it can be seen that the CCTO fillers are dispersed
homogeneously and less clustering observed in the epoxy
matrix for composite produced by spin coating method.
Whereby for composite produced by hot press method,
when the filler loading increases, slight agglomeration can
be observed in the composites, i.e. 30 and 40 vol% of fil-
lers. The cavities or voids were seen in Fig. 7c—h due to
lack of interaction between CCTO filler and epoxy matrix.
Apparently, there is a tendency for the CCTO filler to be
sedimented in epoxy matrix due to non-similarity in the
density between CCTO filler and epoxy matrix. Never-
theless, as reported by Devaraju et al. [15], slight non-
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Fig. 7 SEM micrographs of
fracture surface of a, b 20 CEC
(SC), ¢, d 20 CEC (HP), e, f 30
CEC (HP) and g, h 40 CEC
(HP) [magnifications of x 1000
for (c, e, g), x1500 for (a) and
x5000 for (b, d, f, h)]

uniformity of particle distribution would not affect the
dielectric properties of the composite.

3.2.2 Thermogravimetric analysis (TGA)

In order to examine the thermal stability, the TGA curve
obtained for the composites is illustrated in Fig. 8. The
detail information of thermal stability such as initial
degradation temperature, Tsq, (°C) and onset degradation
temperature, T,,,.; (°C) are reported in Table 6.

The initial degradation temperature, Tsy4 and onset
degradation temperature, T,,,, have increased as the

@ Springer

CCTO filler loading increased in epoxy matrix. By com-
paring 20 vol% CCTO/epoxy produced using spin coating
and hot press methods, it can be seen that different fabri-
cation methods did not significantly influence the thermal
stability of the composites. Meanwhile for 40 vol% CCTO/
epoxy (HP), it shows slightly higher Tsq, and T, than
other composites with values of 362.5 and 363.3 °C,
respectively. At higher filler loading, possibility of fillers to
inhibit the segmental movement of epoxy are higher than
that of low filler loading, hence slowing down the degra-
dation process. This proved that composites produced at
the same filler loading but using different fabrication
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Table 6 Decomposition
temperature of unfilled epoxy
and various filler loading on

Composite

Initial degradation
temperature, Tsq, (°C)

Onset degradation
temperature, 7,,.; (°C)

epoxy composites produced
using different fabrication
methods

Unfilled epoxy

20 vol% CCTO/epoxy (SC)
20 vol% CCTO/epoxy (HP)
40 vol% CCTO/epoxy (HP)

285 331
335 348
349.6 358.6
362.5 363.3

methods do not influence the thermal stability of the com-
posites. Based on experimental results, 40 vol% CCTO/
epoxy (HP) promoted good thermal stability as compared to
unfilled epoxy and other composites at low filler loading and
produced by different fabrication methods.

3.2.3 Dynamic mechanical and thermal mechanical
properties

Figure 9 shows the temperature dependence of storage
modulus (E') and loss tangent (fan ¢) for CCTO/epoxy thin
film composites produced using different fabrication
methods, respectively. It is noted that line with symbols
refer to ran J, while line without symbol refers to E'. Based
on Fig. 9, the storage modulus of the composite improved
vastly with increasing of CCTO content in the epoxy
matrix. Sample with 40 vol% CCTO/epoxy (HP) exhibits
the highest storage modulus compared to those of unfilled
epoxy and other composites with a value of 5882 MPa, as
shown in Table 7. The improvement in storage modulus is
attributed to the high stiffness and rigidity produced by
CCTO particles. Meanwhile, 20 vol% CCTO/epoxy (SC)

shows slightly higher storage modulus than that of 20 vol%
CCTO/epoxy (HP) due to better filler distribution in epoxy
system, as seen in Fig. 7. This shows that the thin film
fabrication method does not significantly influence the
modulus of the composites.

Glass transition temperature, T, was measured at the
maximum fan ocurve (Fig. 9), which is related to the
occurring molecular chain relaxation [24]. It was found that
the T, of composites at low filler loading were nearly
constant with composite at high filler loading, as seen in
Table 7. However, the T, of 40 vol% CCTO/epoxy (HP) is
slightly lower than other composites due to possibility of
CCTO filler to agglomerate which then weaken the inter-
facial adhesion between CCTO filler and epoxy matrix yet
higher than unfilled epoxy. According to Chisholm et al.
[25] and Suriati et al. [26], the fillers agglomeration would
significantly affect the Van der Waals interaction between
polymer chains, hence reducing the cross-linking of epoxy
matrix. A weak filler-to-matrix interaction could eventually
increase the mobility of the polymer chain when subjected
to load and this may lead to lower the T, value of the
composites.
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Fig. 9 Storage modulus (E')
and loss tangent, tan o0
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Table 7 Glass transition temperature, 7, and storage modulus, £’ of unfilled epoxy and CCTO/epoxy composites using different fabrication

methods

Composite Glass transition Storage modulus, Coefficient of thermal expansion,
temperature, T, (°C) E' at 30 °C (MPa) CTE (before T,) (ppm/°C)

Unfilled epoxy 553 1888 143

20 vol% CCTO/epoxy (SC) 67.5 3223 112

20 vol% CCTO/epoxy (HP) 67.5 2957 147

40 vol% CCTO/epoxy (HP) 66.3 5882 35

Table 7 shows the CTE values of CCTO/epoxy thin film
composites using different fabrication methods. Result
shows that CTE before T, was reduced with increasing
filler loading. By comparing 20 vol% CCTO/epoxy pro-
duced using spin coating and hot press methods, it can be
seen that composite produced using spin coating method
shows slightly lower CTE value than those of composites
produced using hot press method due to better filler dis-
persion in epoxy matrix, as seen in Fig. 7. Meanwhile,
sample with 40 vol% CCTO/epoxy (HP) exhibits the
lowest CTE value compared to other composites with a
value of 35 x 107° ppm/°C. This can be explained where
at high filler loading, more fillers with low CTE could
significantly reduced the overall CTE value of the epoxy
composite.

4 Conclusions
(@) 20 vol% CCTO/epoxy composite produced using

ultrasonic mixing method showed good dielectric
properties and thermal stability compared to
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20 vol% CCTO/epoxy composite produced using
agate mortar method. The highest dielectric con-
stant and thermal stability can be observed when
40 vol% of CCTO filler was added in epoxy matrix
for composite produced using ultrasonic mixing
method.

(b) Sample with 20 vol% CCTO/epoxy composite fab-
ricated using spin coating method showed slightly
higher dielectric constant, Tsg, Tonse: and E', and
lower CTE value compared to 20 vol% CCTO/
epoxy composite fabricated using hot press method.
The highest dielectric constant, Tsg, Tppe and E,
and lowest CTE value can be found when 40 vol%
of CCTO filler was mixed with epoxy matrix for
composite fabricated using hot press method.

(c) Sample with 20 vol% CCTO/epoxy composite pro-
duced using ultrasonic as mixing method and spin
coating as fabrication method are suitable to be used
as dielectric materials for embedded capacitor.
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