
There is growing concern about
environmental issues these days.
In the automotive industry, for
example, there has been a fo-

cused effort towards developing the hy-
brid electric vehicle (HEV) and electric
vehicle (EV). In the meantime, more func-
tions are being operated by electronics
while the technology trend for in-vehicle
electronics has changed significantly.
Specifically, the development of advanced
power electronics technology, starting with
HEV and EV drive motor control invert-
ers, is set to become an important driving
force in the evolution of automotives.  

To keep up with this market trend, Mu-
rata Manufacturing Co., Ltd. developed
the EVC series multilayer monolithic ce-
ramic capacitor (MLCC) specialized for
power electronic applications. This de-
velopment is aimed at facilitating advances
in downscaling as well as increasing the
efficiency of inverter equipment.  

Various Capacitors in Comparison 
Today, film capacitors and aluminum

electrolytic capacitors are largely used as
smoothing capacitors for inverters of drive
motors and electric air-conditioners in-
stalled in HEVs and EVs.  The EVC se-
ries capacitors have certain advantages
over film capacitors and aluminum elec-
trolytic capacitors. Moreover, they can

potentially make large improvements to
these applications.  

High allowable ripple current 
Figure 1 shows a comparison of the

equivalent series resistance (ESR) of var-
ious capacitors. The ESR of the EVC se-
ries MLCC is lower than that of the film
capacitor and aluminum electrolytic ca-
pacitor. Most notably, the difference in
the ESR ratings among these capacitors
becomes apparent in the high-frequency
side. When the heat-generation charac-
teristics of these different types of capac-
itors were actually compared, the EVC
series MLCC exhibits the lowest heat gen-
eration (See Figure 2).  Assuming that the
allowable self-heating temperature of these
capacitors is the same, it is apparent from
Figure 2 that the EVC series capacitors
have a larger allowable ripple current ca-

pacity than film capacitors and aluminum
electrolytic capacitors.

Small size and large capacitance 
MLCC uses ceramics with a high rel-

ative permittivity for its dielectrics and a
dielectric constant that is very much higher
than that of other types of capacitors, thus
offering small size and large capacitance.
For example, the capacitance per unit vol-
ume of MLCC is about several times
larger than that of a film capacitor with
the same specifications.  In the case of
aluminum electrolytic capacitor, there is
not much difference in the capacitance
per unit volume compared with the
MLCC. The ESR rating of an aluminum
electrolytic capacitor, however, becomes
extremely high especially in a low-tem-
perature environment because of its struc-
ture, and in some cases, its effective ca-
pacitance during actual operation becomes
equal or less than that of MLCC.
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Fig. 1: ESR comparison of various capacitors

Fig. 2: Heat generation comparison of various capacitors

External appearance of MLCC for power
electronics
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High-temperature assurance 
MLCC is made up of materials that re-

sist degradation from comparatively high
temperatures.  The maximum operating
temperature of film capacitors and alu-
minum electrolytic capacitors is about
105°C due to the property of materials
they are made of. MLCC, however, can
potentially assure operation in tempera-
tures of 150°C or higher.

The EVC Series MLCC 
Photo 1 shows the EVC series MLCC.

It has an outside dimension of 32 × 40 ×
3.7mm with a rated voltage of DC 250V,
and an effective capacitance of 38µF when
DC 150V is applied.  This capacitor is
specialized for inverter smoothing appli-
cation with an allowable ripple current
per unit exceeding 20Arms.  The com-
pany’s largest general-purpose capacitor
that is being mass-produced measures 5.7
× 5.0mm. The volume of EVC series is
about 100 times that of Murata’s largest
product.

A capacitor used for power electronics
must have large capacitance  under DC
bias and high allowable ripple current.
However, it is difficult for the BaTiO3

general-purpose MLCC
to implement both char-
acteristics with the right
balance.  General-pur-
pose products are not al-
ways suitable for power
electronics in terms of the
material characteristics
because of very large
drop in capacitance un-
der DC bias or very high
heat generation caused by
ripple current due to a
high dielectric loss. Con-
sequently, Murata Man-
ufacturing developed a

special ceramic material for the EVC se-
ries that assures both high capacitance un-
der bias and low-dielectric loss.

The EVC series has a structure with
metal terminal pins in order to absorb me-
chanical stress from a board. Normally, a
solder is used as the attaching medium.
Capacitors soldered to a board are vul-
nerable to stress and often crack with
changes in temperature.  Therefore, they
are not suitable for use in high-tempera-
ture environments. The use of conductive
resin as an attaching medium can provide
high-temperature support. However, there
is higher resistance at the attached por-
tions of capacitors that use conductive
resin. Therefore, this method is not suit-
able for large current applications.  For
this reason, Murata Manufacturing de-
veloped a new attaching technology that
was put into practical use for high-tem-
perature and large-current applications
such as power electronics.

Proposed Applications 
The EVC series targets a wide range of

large-power applications.  At  present, it
is proposed for use mainly in two appli-
cations.

Smoothing application 
A typical circuit of a vehicle-mounted

inverter is presented in Figure 3.  As men-
tioned earlier, mainly large-capacity alu-
minum electrolytic capacitors and film
capacitors are used for inverter smooth-
ing applications.  Under the present cir-
cumstances, however, the allowable rip-
ple current determines the capacitance of
a capacitor being used.  It is assumed that
capacitors with more capacitance than
what is required are now being used.  

Since the EVC series has a high al-
lowable ripple current, it could be possi-
ble to get a sufficient smoothing function
from an EVC capacitor with a capacitance
smaller than aluminum electrolytic ca-
pacitors and film capacitors. Combining
the EVC series with the small-size and
large-capacity features of MLCC could
significantly contribute to downsizing the
entire system. The EVC series is already
being installed in some electric vehicles.

Snubber application 
MLCC is especially suited for the snub-

ber application of inverter circuits. For
the snubber application, either a smooth-
ing capacitor performs the snubber func-
tion or a film capacitor is added for use
as a snubber in the current system.

The primary advantage of MLCC for
snubber application is its low equivalent
series inductance (ESL).  Figure 4 shows
the frequency characteristics of various
capacitors.  Since MLCC has a low ESL,
the impedance specifically at the high-
frequency side  is low.  Even though
MLCC has a smaller capacitance than the
film capacitor used for comparison in this
graph, the surge reduction effect of MLCC
is favorable based on the voltage across
the capacitor for actual surge reduction
(See Figure 5).

The second advantage of MLCC is that 

(Continued on page 34)

Fig. 3: Vehicle-mounted inverter circuit diagram

Fig. 4: Frequency characteristic comparison of various capacitors
Fig. 5: Noise reduction comparison
between MLCC and film capacitor
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(Continued from page 32)

it can be placed near a source of surge
generation. Normally, because of their
volume and heat-resistance performance,
aluminum electrolytic capacitors and film
capacitors cannot be installed near a
switching device, which is a source of
surge generation, thus the wiring induc-
tance becomes high.  Therefore, unnec-
essary large-capacitance capacitors are
required to get the proper surge reduction
effect.  MLCC, on the other hand, offers

superior heat-resistance performance,
small size, and large capacitance and can
be installed near a switching device.  With
even a smaller capacitance, it can provide
the required surge reduction effect.  In
this manner, the EVC series can provide
solutions for downsizing the entire sys-
tem and cutting down cost.

Product Development, Expansion 
Murata Manufacturing is planning to

expand the EVC series rated voltage and
capacitance lineup.  Moreover, it intends

to provide wide-range solutions that take
full advantage of the EVC series capaci-
tors, and contribute to the progress of
power electronics technology and pro-
tection of the global environment.
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