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Temperature ultra-stable BaTiO3-based ceramics
with near-nano grains via the core-shell structure
design and controlled grain growth
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Abstract

In various high-precision systems, it is required that Multilayer Ceramic Capacitors (MLCCs) not only have
smaller volumes but also higher capacitance values. Correspondingly, the dielectric materials used must si-
multaneously meet requirements for high permittivity (¢_r), small grain size, and strict temperature stability.
However, the development of dielectric ceramics that fulfill all these properties remains a critical technical
bottleneck and research gap in this field. To address this challenge, this work employs precise multi-ion dop-
ing and core-shell structure ratio control to prepare ceramics with near-nano grains (dg~158.22nm, with shell
structure~10nm) successfully achieving breakthrough temperature stability (TCC: -55°C~125°C, AC/C25°C <
+1.97%, meeting the X7C specification). Simultaneously, ceramics exhibit high e_r (1418.4) which aligns with
the high capacity demands of modern MLCCs. Additionally, high insulation resistivity (Ir: 4.31 x 1012 Q-cm)
and low dielectric loss (tan $=0.60%) ensure minimized thermal losses caused by leakage currents. The ceram-
ics’excellent energy storage stability and high energy density per unit electric field (240 kV-1-m-2: Wrec /E
reached 131.25 J-'kV-1-m-2) further ensure their ability to maximize energy storage functionality under low-to-
medium electric field conditions with long-term durability. The modified BaTiO3-based ceramics integrating
high permittivity, small grain size, and temperature ultra-stability, hold promise for advancing MLCCs in
high-precision circuits possessing high capacity and the potential for miniaturization.
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