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Middle Case Size Bridges Murata’s
MLCC Miniaturization Path

s demand is rising for high-
speed and high-capacity data
communication, and the func-
tionality of assembled prod-
ucts is expanding, an increasing number
of multilayer ceramic capacitor chips
(MLCC) are used in mobile communi-
cation devices. In particular, each smart-
phone uses a huge number of MLCCs;
high-end models have 600 to 1000
MLCCs, and even low- and middle-end
models have 300 to 600 MLCCs. As
demand will continue to rise for higher-
functionality, lower-power consumption
assembled products, their components
will increasingly need to be more com-
pact and to have higher performance.
As shown in Figure 1, a downward
shift in the size of MLCCs tends to take
place on an approximately 10-year cycle,
and in the consumer market, the 1005M™!
size is being replaced by the 0603M size
as a major size. Miniaturization for E1
step capacitance is a major factor be-
hind this trend. Around 2010, by devel-
oping 0402M/0.1uF, 0603M/1pF, and
1005M/10puF products, Murata Manu-
facturing Co., Ltd. was able to signifi-
cantly contribute to miniaturization and
high-density mounting of components in
feature phones and smartphones. There

are high expectations for further contri-
bution of MLCCs to miniaturization and
high-density mounting.

This article describes Murata’s efforts
on MLCCs contributing to the minia-
turization, improved mounting density,
and increased performance of assembled
products and module components.

M ounting Techniques for
0201M-sizeMLCC

Murata has mass produced the small-
est 0201M-size (0.25 x 0.125mm)
MLCC since 2014. A photo of the prod-
uct and the product lineup are shown in
Photo 1 and Table 1, respectively. As
mentioned in section 1, as the function-
ality of mobile communication devices,
like smartphones is expanding, the us-
age of MLCCs is rising and their min-
iaturization is progressing; moreover,
0201M-size components are increas-
ingly needed for wearable devices and
small modules.

The 0201M size (0.25 x 0.125mm)
MLCC requires only half the mounting
space of the 0402M size (0.4 x 0.2mm),
the previous smallest size, thereby con-
tributing to smaller mounting space.
Since, however, it is an unprecedented
small size, the establishment of mounting
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Fig. 1: Percentages of MLCC sizes
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Table 1: 0201M-size product lineup

Temperature Operating Rated Capacitance
e temperature
characteristics voltage range
range
-55 to 0.2 to 100
coaG 125°C 2V pF
10V 100 ;('J: 680
1,000 to 10,000
6.3V
pF

Photo 1: 0201M size (0.25 x 0.125mm) MLCC

techniques was needed. Murata has
made efforts to not only optimally de-
sign products and packaging material,
but also establish mounting techniques
in cooperation with manufacturers of
mounting machines, soldering materi-
als, circuit boards, among others. As a
result, it is becoming possible to mount
the products on wearable devices and
small module devices. The company
plans to develop 0201M-size/high-Q
series products suitable for match-
ing use in high-frequency circuits, and
0201M-size/0.1uF products, expecting
that full-scale spread of the 0201M size
will start.

Dimensional Standardization thru
Middle Sizes

Conventionally, MLCCs have been
developed as a product according to
the case sizes and standard dimensional
tolerances specified in public standards.
However, sometimes products that de-
viate from the dimensional tolerances
have been developed in order to respond
to demand for smaller sizes and larger
capacitances from the market. This has
caused confusion in mounting layout de-
sign and mounting machine configura-
tion as high-density mounting has been
required.

Murata has been attempting to pro-
mote standardization of external di-
mensions of MLCCs as a solution to
this issue, by setting middle case sizes
between the conventional case sizes, as
shown in Figure 2.

Setting middle sizes provides more
flexibility to miniaturize MLCCs and
to increase their capacitance accord-
ing to the standardized dimensions;
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Murata believes this contributes to
meeting demands for reduction in
mounting area through miniaturiza-
tion, densification, and others. Middle
sizes are also specified in the appendix
of a JEITA or Japan Electronics and
Information Technology Industries
Association standard (RC-2322C"?) for
external dimensions to promote stan-
dardization of dimensions.

Murata has a track record in de-
veloping the  world’s  smallest
05025M-size/1uF product as a measure
to reduce the mounting area of widely
used 0603M-size/lpuF products. The
company will continue to promote stan-
dardization of dimensions by setting
middle sizes, and to expand the minia-
turization product lineup.

Miniaturization Product Design
and Dynamic Model"3

MLCCs have voltage characteristics
associated with the characteristics of
their respective ceramic materials used.
Thus, their effective capacitance varies
depending on the DC or AC voltage.
Temperature compensation MLCCs
(COG characteristics and others) use par-
aelectric ceramic with a low dielectric
constant, and so their capacitance rarely
changes depending on the voltage char-
acteristics. However, as high-dielectric
constant MLCCs (X5R or X7R charac-
teristics and others) use ceramic mate-
rial with a high dielectric constant typi-
fied by barium titanate, their capacitance
significantly changes depending on the
voltage characteristics.
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Fig. 2: Dimensional standardization of MLCCs by setting middle sizes



0 \
-10 S

-

S
A

.
\\\A/ 1005M size/2.2 pF

BN

\\ \\( 0603M/2.2 pF design that uses material A

-20
-30

< 0

(0]

2

I -50

Ky

O

g -60

(@]

70

>
~
~

- ‘\\
Prototype 0603M/22 F /" ~
80 design that uses material B S

-90

-100

DC voltage (V)

Fig. 3: DC bias voltage characteristics of capacitance

When an MLCC is miniaturized, the
capacitance can be secured by increas-
ing the dielectric constant of the ceramic
material or by thinning the layers of the
device. However, if the dielectric con-
stant is increased, the effects of the volt-
age characteristics will become more
significant, and the capacitance may
become small under the actual operating
voltage, as compared with non-miniatur-
ized products of the same kind.

In order to design small products with
effective capacitance in mind, the com-
pany has focused its efforts on develop-
ing thin-layer technology for ceramic
materials and internal electrode materi-
als, and high-reliability technology for
thin-layer design so that it can provide
thin-layer design by using materials
with a reduced dielectric constant. As a
result, it has successfully designed prod-
ucts that are superior in effective capaci-
tance to those that use ceramic material
with a high dielectric constant, although
they are inferior in effective capaci-
tance to non-miniaturized products of
the same kind. As an example, Figure 3
shows DC voltage characteristics of the
capacitance of a 0603M-sized, smaller
version of a 1005M-size/2.2uF product.
The figure shows that although the effec-
tive capacitance of the prototype design
that uses ceramic material B, which has
a high dielectric constant, greatly drops
as compared with the non-miniaturized

version, the design that uses ceramic
material A, whose dielectric constant is
reduced, maintains changes in the ca-
pacitance in the same manner as the non-
miniaturized version.

Characteristic changes under the actual
operating conditions like those in Figure
3 may cause gaps between the results of
circuit design simulation and actual oper-
ation. In order to carry out circuit simula-
tions that consider characteristic changes,
the company has developed dynamic
models of MLCCs that reflect specified
temperatures and DC bias voltage char-
acteristics. These models can be down-
loaded from its website. Murata’s design
support software SimSurfing,” which is
also available on the website, enables us-
ers to graphically display various charac-
teristics calculated by using the dynamic
models. Also, it offers SimSearch, which
allows reverse lookup of components
from the effective capacitance required
under desired DC voltage conditions and
temperature conditions. These are uti-
lized to select components or carry out a
high-accuracy circuit simulation, and are
receiving high evaluation.

Conclusion

This article describes Murata’s efforts
on its MLCCs that contribute to miniatur-
ization of assembled products and mod-
ule components and to the improvement
of their mounting density and functional-

ity. Murata believes that miniaturization
of components will improve productiv-
ity, leading to stable supply of MLCCs,
which are becoming widely used. Prob-
ably, market demand will continue to
rise more and more for miniaturization
of components and their high-density
mounting. The company will continue to
not only offer miniaturization of compo-
nents and their high-density mounting,
but also design products with the charac-
teristics under the actual operating condi-
tions in mind, making proposals for more
easy-to-use solutions.

Notes:

"1 Sze in which the LxW dimensions
are 1.0 x 0.5mm. The dimension symbol
identifier M denotes the metric unit.

"2 JEITA RC-2322C: Dimensions of
fixed surface mount multilayer ceramic
capacitors

*3 Dynamic model: Component model
for simulation that can dynamically re-
flect the cause of gapsin characteristics

“4 Design support software SmSurf-
ing website: http://mww.murata.co.jp/
simsurfing/
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