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Background and Aims: The push for a decarbonized society has intensified research into energy storage and generation
technologies. This paper explores the application of Multilayer Ceramic Capacitor (MLCC) technology—a core technology
of TAIYO YUDEN CO., LTD—to the development of advanced energy devices. MLCCs are miniaturized, high-capacity
capacitors constructed by alternately stacking thin dielectric ceramic layers of BaTiO; (barium titanate) and Ni metal layers,
followed by co-firing. This study focuses on enhancing BaTiO; powder properties for producing thin dielectric layers and
applying this knowledge to the development of oxide-based all-solid-state batteries (ASSBs) and metal-supported solid oxide
fuel cells (MS-SOFCs). The research aims to leverage MLCC technology to achieve the miniaturization and efficiency
required for these next-generation energy devices.

Methods and Results: The study began with improving the solid-state synthesis of BaTiO,, essential for achieving the thin
dielectric layers needed in MLCCs. The reaction mechanism was investigated using fine BaCO; and TiO, powders, revealing
that BaTiO; formation initiates at the contact points between the two materials, followed by Ba ion diffusion into TiO,. By
optimizing the particle size and homogeneity of the reaction mixture, the team successfully synthesized highly crystalline
BaTiO; particles. These findings were then applied to the synthesis of battery materials, focusing on achieving a uniform
dispersion of fine particles, essential for the thin-layer construction in both ASSBs and MS-SOFCs. The study demonstrated
that using MLCC-based processing techniques—such as tape casting, stacking, and co-firing—enabled the production of all-
solid-state batteries and SOFCs with promising performance characteristics.

Conclusions (Outlooks): The research highlights the potential of MLCC technology to drive advancements in energy device
miniaturization and efficiency. The enhanced solid-state synthesis of BaTiO; and its application to battery materials
underscore the feasibility of developing compact, high-performance energy devices. Future work will focus on further
refining these materials and processing techniques, potentially leading to the commercialization of MLCC-based all-solid-
state batteries and SOFCs. The success of this approach could contribute significantly to the development of sustainable

energy technologies, aligning with global efforts toward decarbonization.
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Fig. 1 Cross-sectional internal structure of MLCC.
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Fig. 2 Fabrication flow of MLCC.
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3 BaCO, & TiO, MEE¥FR SEM
Fig. 3 SEM micrographs of BaCO; and TiO, mixtures
obtained by different mixing methods.
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Fig. 4 O1s XPS spectra of BaCO; and TiO, mixture samples.
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Fig.5 TG curves (a) and DTG curves (b) of the BaCO,
and TiO, mixtures.
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Fig. 6 XRD profiles of quenched samples.
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Fig. 7 TEM micrographs of quenched samples.
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(b) Inhomogeneous area.
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9 1000°C-2 EffE{REE L T&E 5 h /= BaTiO, F M SEM &
Fig. 9 SEM micrographs of BaTiO; calcined at 1000°C.
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Fig. 10 TEM image of ultra-fine starting powder and
mixture: (a) BaCOs; (b) TiO,; (c) mixture.
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Fig. 11 SEM micrograph of BaTiO; calcined at 800°C.
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Fig. 12 Cross-sectional schematic of a multilayer all-
solid-state battery.
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Fig. 13 SEM image of LAGP powder obtained from solid state reaction (upper) and green sheet surface (lower).
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IR DI SEM GEZIR L7z, RIS
JEOREREDPFEBITETEY, I LS ot
EATAVERICE R S, ARk (MLCC &
W) Lo Twd, B15124, B (Vi)
OIS T, MBHRERIHAKL TV IHT 2R
L72®, Zhig, BEREMRES) -y —to#
@it - REEBINC LD, HhERREON LA
WIfFCX R TH 5,

BAETIE, B16DXIIZH 4 X 45x32mm~
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EBIEIZ24V E721332VO L ONPERTE,

|

£ (a)
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SEM f§&

Fig. 14 SEM image of (a) cross-sectional a multi-layered
battery and (b) extraction electrode area.
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15 HEEH (V8 EXICHSIHEREXL
Fig. 15 Discharge capacity change with increasing num-
ber of layers (number of cells).
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Oxide Electrolysis Cell) & M L & it T 5,
SOFC %, —MMICT_TEF Iy 7 THRKSIT
BY, BEMAREIMENZ EEEHE Wb TWw 5,
AF T HBILTHEDNY B > 7P, i i
MR LR &E, bR ED 5 TR E R REEE
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W BHZET, N—TNEHE, N—TEIIC
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600, 650, 700, 750°C D K N#EER, ThE
0.7, 1.4, 2.0, 25 W/em® TH 5, HilIBIcB VT
0.7 Wem® PL E OB W BRI S Nz 4k
B 72 MS-SOFC OWili# Bt L7-&L 2 A, ERY

N N
A
= 2

H16 RY1ZANDLEFEME MLCC DHELLE :
MLCC (%), £E#Et (H)
Fig. 16 Comparison of appearance of an MLCC (left) and
an all-solid-state battery (right) of the same size.
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Fig. 17 Power generation of 30 mm coin cell.

X 18 100 mm x 100 mm EJLDFHE]
Fig. 18 Appearance of 100 mm x 100 mm cell.

%1 100 mm x 100 mm 2L DEEH

Table 1 Open circuit voltage of 100 mm x 100 mm cell.

600°C  650°C  700°C  750°C

Theoretical OCV*(V)  1.163 1.156 1.149 1.142
Measured OCV*(V) 1.154 1.146 1.139 1.130
Loss 0.7% 0.9% 0.9% 1.1%

#% OCV: Open Circuit Voltage
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BRI 11% DN EERSIMRZ NIz, 2D Enb,
NV RERILL TS, BREDO Y 7 v 713474 <,
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AOLNTVWBEEEZOND,
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