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Abstract: This review addresses the development trends of dielectric ceramics, the key material for Multilayer Ceramic

Capacitors (MLCCs), which are essential components in high-performance electronic devices. Traditional MLCCs have

employed BaTiOs (BT)-based dielectrics to achieve high dielectric constant and low resistance. By minimizing oxygen vacancies

and suppressing grain growth in BT materials, the temperature and voltage stability of MLCCs have been improved, leading to

the development of MLCCs with diverse properties. However, the maximum dielectric constant of approximately 3000 in BT

materials poses a limitation in overcoming the trade-off between rated voltage and capacitance density. Therefore, ultra-high

permittivity dielectric materials have gained attention to meet the requirements of ultra-high-performance MLCCs, and ongoing
research focuses on enhancing the temperature and frequency stability of these materials. This review analyzes the characteristics

and limitations of conventional BT materials and explores recent research trends and future potential in developing new MLCCs

based on ultra-high dielectric constant materials.
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Fig. 1. Schematic diagram for trade-off properties between
capacitance density and related voltage of MLCC.
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Fig. 2. (a) perovskite structure and (b) lattice parameter, crystal structure, dielectric constant and spontaneous polarization changes of BaTiO3

with respect to the temperature [21,22(author reconfigurations)].
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Fig. 3. PNR formation and diffuse phase transition mechanism in Pb based relaxor ferroelectrics (a) schematics of lattice structures and
(b)domain images of ordered ceramic (left) and disordered ceramic (right). (c) permittivity and (d) spontaneous polarization changes of ordered
and disordered ceramics with respect to the temperature [29(author reconfigurations)].
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Fig. 6. Core-shell structure of Y and Mg doped BT ceramics with additives. (a) atomic count number of doped BT ceramics with respect to
position. (b) SEM and (c) TEM images of doped BT ceramic single grain [41(author reconfigurations)].
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Fig. 7. Temperature stability of BT ceramics with respect to the ratio of core and shell. (a) microstructure and core shell ratio of Y, Mg doped
BT ceramics with various BT powder size and sintering time. (b) dielectric constant changes of Y, Mg doped BT ceramics with various core-
shell ratio as function of the temperature [44(author reconfigurations)].
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internal barrier layer capacitor (IBLC)S #4402
AW AY RAGSE ST [46-48]. o] & v R &
A7 op et FEjo] IBLC 7]8F CP &Ao] tigt Ba17} o]
Fo] oy derlog A fAadeE +HstAH. st
A9, CP &A= charge carrier& 0]-85t9 SXA T}
T35 = sHA7T 910, dielectric relaxationof 9]t Zu}
2oE % 2w Qg Aatet R Mst e Bl
Q1 2R} QIek [47-50]. wheb, 212 o]2igt CP 4jo)
MLCC & 82 93t Zubs 2 2.& obay shuet Al
ZJsto]l Bat o177k s Fys 2 9k,

Inter-grain
material
(Cu,0)

RRRRAREEE

10° 10° 10'

Frequency (Hz)

| 1.13eV

Inc' (S/cm)
(e S
0 N N

0.0022 0.0024 0.0026,

/T (K
........... A o 253K -#-393K
273K -¢-413K
-4-293K -*-433K
313K 9-453K
333K = 473K

10" 10" 10' 10° 10° 10* 10° 10° 10
f(Hz)

34

Fig. 11. (left) Schematic of IBLC model and (right) frequency
stability of colossal permittivity CCTO ceramics [46,50(author
reconfigurations)].
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Fig. 13. IR degradation of colossal permittivity materials contained glass oxidant in grain boundary. (a) SEM image, (b-j) EDX mapping
images, (k) resistivity properties with respect to the voltage, and (1) step IR degradation of SLT10-Precolated ceramics [18(author
reconfigurations)].
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