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The demand for reliable multilayer ceramic capacitors has significantly increased in automobile, aerospace, and 5G network
industries. Therefore, the utilization of Ag-epoxy electrodes for the development of highly reliable MLCCs has become
essential. In this study, the changes in mechanical and thermal stress caused due to the utilization of Ag-epoxy electrodes were
analyzed using 3D finite element analysis. Subsequently, the reliability of the MLCC was evaluated using the board flex,
thermal shock, and temperature-humidity-bias test. A comparison between the simulation results was performed and it was
observed the bending resistance of the soft termination type multilayer ceramic capacitor with Ag-epoxy electrode was
increased. Additionally, solder deterioration due to thermal shock was prevented, and it had excellent moisture resistance.
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Introduction ductive resin electrode fabricated using this method has

advantages such as prevention of solder deterioration

Multilayer ceramic capacitor (MLCC) is a crucial com- due to heat cycle, improvement of moisture resistance,
ponent in the electronics industry because it can be used enhanced mechanical crack resistance of the substrate,
for applications such as noise reduction, DC blocking, enhanced thermal shock resistance during soldering,
filtering, and energy storage functions. Additionally, and ensuring flatness during mounting of printed circuit
MLCCs are widely used in electronics products [1-3]. boards (PCBs) [7]. In this study, Ag-epoxy electrode
In particular, the electrical and industrial applications was applied to the conductive resin, and the change in
of MLCCs have been continuously increasing and it is the mechanical and thermal stress of MLCC due to the
crucial to develop highly reliable products that can application of the Ag-epoxy electrode was confirmed
continuously operate under harsh outdoor environments. using 3D finite element analysis (FEA) simulation. In
The reliability of MLCCs might be affected due to addition, the reliability of the MLCC was evaluated,
improper handling (mechanical impact, bending, and and the failure mode and deterioration of the MLCC
vibration) or due to harsh environment (low temperature, were verified. First, the board flex test was used to
high temperature and humidity) [4]. The cracks caused confirm the effect of the Ag epoxy electrode on the
due to mechanical impact result in short circuit between crack resistance during bending of the substrate [8].
the internal and external electrodes, and these phenomena Secondly, the effect of preventing solder deterioration
increase the leakage current of the MLCC [5]. A recent due to heat cycles of the Ag-epoxy electrode was
trend is to develop soft-termination type MLCCs which confirmed through a thermal shock test [9]. Finally, the
consist of conductive resin electrodes to prevent the temperature-humidity-bias (THB) test was used to
occurrence of cracks due to mechanical force and to confirm the improvement of moisture resistance due to

suppress the MLCC deterioration due to temperature the utilization of Ag-epoxy electrode [10].
and humidity [6]. The structure of conventional MLCCs

consists of three layers, and it is formed by directly FEA Simulation
plating Cu electrodes on both ends of the ceramic with
Ni/Sn. However, in the case of soft-termination-type Mechanical Stress Simulation
MLCC, the electrodes on both ends of the ceramic are Board flex simulation was performed to determine
composed of a conductive resin containing metal (Ag the change in mechanical stress applied to the MLCC
or Cu), and Ni/Sn plating is applied to the surface of with Ag-epoxy electrode. The board flex simulation
the formed terminal in a four-layer structure. The con- consisted of a structure in which the MLCC was mounted
by soldering at the center of the PCB. The analysis was
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FEA simulation are shown in Table 1 [11-15]. The
density, Young’s modulus, and Poisson’s ratio are required
for stress analysis due to mechanical deformation.

The result of the FEA simulation of standard and
soft-termination types under 5-mm bending displacement
conditions are shown in Fig. 1. As shown in Fig. 1(a)
and (b), it can be observed that the maximum stress
was applied in the contact area with external electrode
at the bottom of the standard type MLCC. Conversely,
in the soft-termination-type MLCC with Ag-epoxy
electrode, the maximum stress point was the same.
However, the magnitude and distribution of the applied
stress were significantly reduced, as shown in Fig. 1(c)
and (d).

The equivalent stress values obtained using board
flex simulation can be observed Fig. 2. The utilization
of Ag-epoxy electrode decreased the stress generated
in the MLCC body from 1005 MPa to 957 MPa. Addi-
tionally, the stress induced in the external electrode
deceased from 1596 MPa to 1140 MPa. Therefore, the
stress reduction (of up to 28%) in the external electrode
demonstrated the effectiveness of using Ag-epoxy
electrode for mechanical stress relief.

Table 1. Material properties applied to mechanical stress
simulation

Material Density ~ Young’s Modulus Poisson’s Ratio
& Unit [kg/m®] [Pa] [-]

Ceramic 5,840 9.10E+10 0.25
Ni 8,908 2.08E+11 0.31
Cu 8,920 1.28E+11 0.31
Ag epoxy 2,190 7.60E+08 0.34
Solder 8,790 3.00E+10 0.35
PCB 1,840 1.50E+10 0.14
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Thermal Stress Simulation

It is known that the thermal stress in MLCCs under
rapid temperature change occurs due to the difference
in the coefficient of thermal expansion (CTE) of the
material [16]. The CTE mismatch of these components
causes maximum stress in the contact region between
the ceramic body and Cu external electrode of standard-
type MLCC. In addition, thermal stress is maximized
due to the high thermal conductivity of the Cu external
electrode. Therefore, to alleviate these problems, Ag
epoxy electrodes with a high CTE and low thermal
conductivity are used to reduce thermal stress. Table 2
shows the properties of the materials used in the thermal
shock simulation. The evaluation of stress caused due to
thermal deformation requires information about CTE,
thermal conductivity, and specific heat the materials
[17-19].

During the thermal shock simulation, three cycles of
thermal analysis were performed while maintaining
a low temperature (-55°C) and a high temperature
(+125 °C) for 30 min each for each cycle. Fig. 3(a) and
(b) depict the FEM simulation results of standard type

Table 2. Material properties applied to thermal shock stress
simulation

Material Coefficient of Thermal Specific
& Thermal Expansion Conductivity = Heat

Unit [um/°C] [W/m-K] [J/g-K]
Ceramic 7.60 6 0.53
Ni 134 60 0.46
Cu 16.7 120 0.38
Ag Epoxy 78.0 0.85 0.90
Solder 24.5 48 0.17
PCB 18.0 0.44 0.95

Fig. 1. The result of FEM analysis as a function of under 5 mm bending displacement conditions (a) MLCC body area of standard type (b)
External electrode area of standard type (¢) MLCC body area of soft-termination type (d) External electrode area of soft-termination type.
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Fig. 2. The equivalent stress simulation result of board flex test
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Fig. 4. The equivalent stress simulation result as a function of
thermal shock test (-55 °C ~ +125 °C).

Fig. 3. The result of FEM analysis as a function of thermal shock test (-55 °C ~ +125 °C) (a) MLCC body area of standard type (b) External
electrode area of standard type (c) MLCC body area of soft-termination type (d) External electrode area of soft-termination type.

MLCC analysis, and the concentrated stress of the
entire external electrode and the solder area due to the
thermal shock environment can be observed. Fig. 3(c)
and (d) depict that the concentrated stress in the Ag-
epoxy area prevents the overall stress of the external
electrode and it significantly alleviates the stress con-
centrated in the solder contact area.

The stress generated in the thermal shock simulation
can be observed in Fig. 4, and the result is similar to
that of the board flex simulation in Fig. 2. Although the
stress reduction in MLCC body due to the utilization of
the Ag-epoxy electrode was insignificant (5.81 MPa to
5.31 MPa), the stress in the external electrode region was
reduced by 29% (18.1 MPa to 12.84 MPa). Therefore,
mechanical and thermal simulation demonstrated that
Ag-epoxy electrode prevents the deformation due to
mismatch of different properties of the materials.

Test and Discussion

Board Flex Test

Fig. 5(a) represents a measuring equipment for board
flex test, and it can be observed that the capacity is
measured and recorded in real time while applying a
force to the PCB board on which the MLCC was
mounted. These tests involve subjecting a test board to
a three-point bend test, similar to that of depicted in
Fig. 5(b). The board flex test was evaluated based on
the displacement of the post-test capacitance reduced
by -12.5% of the initial capacitance ratio.

Fig. 6 depicts the board flex test results according to
the MLCC chip size and external electrode. It can be
observed from the board flex test results of standard
and soft-termination types in Fig. 6 that the capacitance
change ratio of soft-termination MLCC with Ag-epoxy
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Fig. 6. The board flex test results according to the MLCC chip size
and external electrode.

electrode was approximately 0% up to 10-mm bending
displacement. Conversely, the capacitance of the standard-
type MLCC (1005 size) decreased from 4-mm bending
displacement to below the -12.5% limit, and recorded
approximately -35% until a 10-mm bending displacement.
The standard-type MLCC with a 3216 size was similar
to that of 1005 size up to 6-mm bending displacement.
However, it exhibited a capacitance reduction rate of
approximately -100% from 7-mm bending displacement.
As a result of the board flex test, when Ag-epoxy was
used, it was possible to verify the characteristics of the
substrate bending resistance, and it can be observed
that the possibility of bending cracking occurred when
the MLCC size was increased.

Fig. 7 shows the cross-sectional image after board
flex test. The occurrence of cracks due to the bending
force is shown in Fig. 7. In the standard-type MLCC,
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(b)

Fig. 7. Cross-sectional image after board flex test (a) Standard type
MLCC of 1005 size (b) Soft-termination type MLCC of 1005 size.

as shown in the FEA simulation analysis in Fig. 1, it
can be observed that cracks were formed with the
application of concentrated stress to the edge of the
ceramic body and the Cu external electrode layer. In
contrast, the soft-termination-type MLCC relieved stress
in the Ag epoxy, which is a part of the external
electrode layer, as shown in the FEA simulation crack
in Fig. 1. Hence, cracks did not occur in the ceramic.
As shown in Fig. 7(a), the morphology of the crack is
similar to that of typical flexure fractures of MLCCs.
The bending crack occurred at the contact part of the
solder and the external electrode, and the bending crack
penetrated the MLCC internal electrode at an angle 45
degrees and advanced to the external electrode region
[20]. Conversely, in the case of soft-termination-type
MLCC, the crack did not occur due to the utilization of
Ag-epoxy electrode as shown in Fig. 7(b). Therefore,
these results demonstrate that the mechanical properties
of MLCC with Ag-epoxy electrode were significantly
improved.

Thermal Shock Test

Fig. 8 depicts the results of insulation resistance
according to the thermal shock test cycle. The thermal
shock test was conducted for 1000 cycles, and it can be
observed that the soft-termination type MLCC with
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Fig. 8. The results of insulation resistance as a function of thermal
shock test cycle.

Ag-epoxy exhibited thermal stability. Conversely, the
standard-type  MLCC exhibited a rapid decrease in
insulation resistance after 300 cycles, and it was observed
that the insulation resistance decreased to lower than
1.0E8 Q at 1000 cycles. The cause of the decrease in
insulation resistance was due to the effect of micro
cracks due to abrupt temperature changes. As shown in
the results of the simulation analysis according to the
thermal shock in Fig. 3, it can be observed that the
form of stress between the external electrode and the
ceramic body interface of the standard-type MLCC and
soft-termination MLCC is different. It can be observed
that the stress between the external electrode and the
ceramic body interface according to the thermal shock
affects the stress distribution between the ceramic
dielectric and the internal electrode. In particular, it can
be observed that concentrated stress was generated in
the internal electrode and ceramic dielectric part of the
MLCC, and micro cracks were formed in the internal
ceramic dielectric body and the insulation resistance
decreased with an increase in the number of thermal
shocks [21].

Temperature-Humidity-Bias (THB) Test

Fig. 9 depicts the results of insulation resistance
according to the THB test. For the THB test, the
standard-type and soft-termination-type MLCC samples
were inserted into the THB test jig, and the rated
voltage was applied at 85 °C/85% RH conditions for a
duration of 500 h [22]. The two types of insulation
resistance measured before the test were 3.5E9 Q or
greater. In the case of standard-type MLCC, the value
of insulation resistance measured after 100 h exhibited
a large standard deviation, and defective products
falling below 1.0E7 Q also occurred. In contrast to the
standard-type MLCC, the insulation resistance of the
soft-termination-type MLCC did not decrease to an
insulation resistance of 1.0E7 Q or lower even though
the standard deviation of the insulation resistance
measured after 300 h slightly increased.
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Fig. 9. The results of insulation resistance as a function of
temperature-humidity-bias test.
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Fig. 10. SEM and EDS results after 500hours of THB test (a)

Standard type MLCC of 1005 size (b) Soft-termination type
MLCC of 1005 size.

Fig. 10 shows scanning electron microscope (SEM)
and energy-dispersive x-ray spectroscopy (EDS) images
after conducting the THB test for 500 h. Fig. 10(a)
depicts the results for the standard type MLCC, and it
can be observed that the Ni plating filled the space
between the Cu external electrodes. In addition, it was
confirmed that the plating proceeded the Ni internal
electrode region and were electrically connected to
each other. It can be observed that during the Ni plating
process, after the formation of the Cu external electrode,
the Ni plating solution penetrated the empty spaces
between the Cu external electrode and the Ni internal
electrode area. Therefore, the penetration of the plating
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solution affected the MLCC reliability reduction [23,
24]. It can be observed in Fig. 10(b) that the high-
density Ag-epoxy electrode prevented the Ni plating
solution from penetrating inside, and it was considered
that it had excellent moisture resistance properties
during the THB test.

Conclusions

In this study, reliability experiments and FEA simula-
tions were performed on Ag-epoxy electrodes to improve
the reliability of MLCC. First, mechanical and thermal
simulations demonstrated that the stress applied to the
MLCC was reduced by up to 29% due to the utilization
of the Ag epoxy electrode. Second, the excellent bending
resistance was confirmed using a board flex test through
the utilization of an Ag epoxy electrode. In particular,
through comparison of capacitance change rate, it was
observed that the effect of the Ag epoxy electrode was
prominent with an increase in the MLCC size. Third, a
thermal shock test was conducted to investigate the
effect of preventing solder deterioration of the Ag-
epoxy electrode. Additionally, it was confirmed by the
thermal shock test that the insulation resistance value
of the standard type MLCC significantly decreased
based on 300 cycles. However, the insulation resistance
value of the soft-termination-type MLCC remained
unchanged even after 1000 cycles. Finally, the excellent
moisture resistance of the soft-termination-type MLCC
were demonstrated during the THB test. Therefore, the
advantages of using Ag-epoxy electrodes was demon-
strated using FEA simulation and reliability evaluation.
The synthesizing simulation and reliability test data
demonstrated that the soft-termination-type MLCCs
with high reliability characteristics are indispensable
for existing applications and for applications in harsh
environments such as automobiles and aerospace.
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