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MLCC Dynamic Model Supports
Circuit Simulations

urata Manufacturing Co.,
Ltd. has developed a dy-
namic model of multilayer
ceramic capacitors and
has publicized it on its website (Figure
1). The dynamic model allows circuit
simulations to reflect properties result-
ing from the application of a specified
temperature and DC bias voltage. This
article provides an overview of the dy-
namic model and an example of its ap-
plication to circuit simulations.

Changing Electronic Devices
L andscape

In recent years, designing electronic
devices has become more difficult, as
the speed of signals and the number and
density of mounted components have in-
creased. Designers need to create a high-
accuracy design within a short-time

typing experiments and by using circuit
simulations in order to reduce prototyp-
ing costs. Carrying out high-accuracy
simulations  requires  high-accuracy
component model settings. Multilayer
ceramic capacitors, particularly those
with high permittivity, have dependence
on temperature and DC bias voltage,
and fluctuations in their capacitance or
equivalent series resistance (ESR) be-
come considerable depending on con-
ditions. For example, when designing
a DC/DC converter, it is necessary to
consider dependence on temperatures
due to heat generation, in addition to de-
pendence on DC bias voltage (Figure 2).
In such a situation for design, there has
been a demand for component models
that can dynamically reflect dependence
resulting from the operating conditions
for circuitry.

period by reducing the number of proto-
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7 that Murata offers allows a circuit simu-
lation to highly accurately and dynami-
cally reflect properties resulting from
application of a temperature and a DC
bias voltage. It is based on an equivalent
circuit model, which is a static model
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Fig. 1: Example of calculating impedance by means of a dynamic model of multilayer
ceramic capacitors
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dependence on temperature and DC bias
voltage (Figure 3).
The elements that constitute the dy-
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Fig. 2: Dependence of capacitance change rate on temperature and DC bias voltage
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Fig. 3: A dynamic model of multilayer ceramic capacitors (example)

Table 1: Availability of Murata's dynamic model for each circuit

simulator

EDA vendor Circuit simulator Availability

Spectre®
Cadence® :
OrCAD® EE (PSpice®)
Synopsys HSPICE®
Linear Technology Ltspice
Keysight ADS
Fujitsu SignalAdvisor®

Table 2: Details of the measurement and
calculation conditions

Input Voltage 12v

Output Voltage 2.5V
Switching Frequency 400kHz
Smoothing Capacitor 100uF, 22uF
Load Fluctuation 50 to0 0.5Q

namic model are basic and compatible
with various types of analysis, such as
DC analysis, AC analysis and transient
analysis, and so allow efficient, high-ac-
curacy circuit design. Table 1 shows the
availability of Murata’s dynamic model
for each circuit simulator. The model li-
brary compatible with each of the soft-
ware programs, which has been used by

many users, who gave
favorable reviews, can
be downloaded from
the company’s website

AT (http://www.murata.

com/).
Design support
Inthe planning = software  SimSurfing,
phase which is also avail-

able on the website
(http://www.murata.co.jp/simsurfing/),
allows users to graphically check vari-
ous properties that are calculated using
the dynamic model. For example, it
makes it easy to compare impedance-
frequency characteristics, changing the
DC bias voltage of more than one com-
ponent. Also, by entering a temperature
and a DC bias voltage on SimSurfing, S
parameters and a SPICE netlist can be
output under the input conditions. The
output SPICE netlist is a static model
consisting only of basic circuit elements
(R, L, ©), and so is effective in using
a simulator incompatible with the dy-
namic model or in reducing calculation
loads. Note that although a static model
cannot automatically respond to freely
set conditions on a cir-
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Fig. 4: Circuit diagram of a step-down DC/DC converter
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Fig. 5: Ripple voltage at the output terminal (left) and voltage transient response due to a

load change (right)

of the dynamic model to characteristic
analysis of a DC/DC converter. Figure 4
shows a circuit diagram of a step-down
DC/DC converter, with which volt-
ages measured at the output terminal
were compared with simulated values.
The dynamic model was applied to the
smoothing capacitor of the output cir-
cuit, and for comparison, calculation re-
sults were obtained including those from
cases where a conventional static model
(temperature: normal; DC voltage: 0V)
was used. Table 2 gives details of the
measurement and calculation condi-
tions. Figure 5 illustrates ripple voltage
at the output terminal (left) and voltage
transient response resulting from a load
change (right). The figure, where the
DC component of ripple voltage was
removed for comparison, shows that the
dynamic model provided closer approxi-
mation. As for transient response, also,
the figure shows voltage waveforms
given when the load changed from 5 to
0.5Q (the current changed from 0.5 to
5A). Immediately after the load change,
the level of the output voltage decreased
steeply, but the calculation results from
the dynamic model were very nearly
identical to the measured values. In the
steadily rising part of the voltage, which
is a section affected by the character-
istics of the power inductor in associa-
tion with increases in the direct current,
there was slight difference because the
dynamic model was not applied to the
power inductor in this example.

Future Directions

The methods that Murata used to cre-
ate a dynamic model are highly versatile,
and so are easy to apply to other prod-
ucts. While a power inductor has DC
superposition characteristics that depend
on the physical properties of the materi-
als, the company’s dynamic model can
reflect the dependence of the inductance
and the Q factor on direct current. There-
fore, the combination of its dynamic
model and multilayer ceramic capaci-
tors allows more accurate simulations.
Murata will offer libraries of its dynamic
model for many simulators while adding
new calculation functions and expand-
ing the range of product models that it
supports, in order to respond to users’
various requirements (Figure 6).

Continued on page 26
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MLCC Dynamic Model...

Continued from page 23

Conclusion

This article describes a dynamic
model of multilayer ceramic capaci-
tors, along with an example of its

application to circuit simulation. In
development and design of products,
requirements for product quality,
such as signal integrity (SlI), power
integrity (Pl), and electromagnetic
interference (EMI), are becom-

Expansion of the dynamic model for each simulator (libraries)
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Fig. 6: Future development
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ing much stricter, and provision of
high-accuracy models that reflect
important properties of components
are becoming increasingly impor-
tant. Murata’'s dynamic models are
to respond to these demands, and it
will expand their functionality and
the range of product types that they
support, in order to contribute to ad-
vancement in development and de-
sign that use circuit simulations.
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