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Abstract: Energy storage capacitors based on dielectric ceramics with superior polarization properties and dielectric constant

can provide much higher output power density due to their very fast energy charging/discharging rates, which are particularly

suitable for operating pulsed-power devices. For an outstanding energy storage performance of dielectric capacitor, a large

recoverable energy density could be derived by introducing a slim polarization-electric field hysteresis loop into dielectric

materials by various technical approaches. Many research teams have explored various dielectric capacitor technologies to

demonstrate high output power density and ultrafast charging/discharging behavior. This article reviews the recent research

progress in high-performance dielectric capacitors for pulsed-power electronic applications.
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Fig. 1. (a) Ragone plot to compare power density and energy density of dielectric capacitors, electrochemical capacitors, and batteries, (b)
schematic of a dielectric capacitor between two metal electrodes with oriented electric dipoles, (c) the concept of recoverable energy storage
density and energy storage loss from P-E hysteresis loop of dielectric material, and (d) schematic diagram of charging—discharging

measurement system for dielectric capacitor.
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Fig. 2. (a) XRD patterns of bulk ceramic, as-deposited, and annealed AD KNNLN thick films, (b) frequency-dependent dielectric properties
of bulk and film-based KNNLN materials, (c) unipolar P-E loops of as-deposited and annealed KNNLN films (the P-E curves were used to
calculate the recoverable energy density and energy storage efficiency), (d) unipolar P-E curves and the corresponding normalized values of

Uree and 1 with fatigue cycles and thermal stability measurement of annealed KNNLN film, and (e) the calculated discharge energy density of
KNNLN films from the charge/discharge curves [14] (Copyright 2018, American Chemical Society).
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Fig. 4. P-E loops of (a) as-deposited and (b) annealed PMN-PT thick film capacitors. The calculated energy storage properties of (c) as-
deposited and (d) annealed PMN—PT thick films. (e) The time-domain profiles of discharged energy density of as-deposited and annealed
PMN-PT capacitors at 600 kV/cm. (f) The generated electric voltage from PZT harvester under bending motion of human fingers. (g) The
discharged energy density from the capacitor system after self-charging operation. (h) Ragone plot for comparison of specific energy and power
densities of flexible PMN-PT capacitor with other energy storage devices [15] (Copyright 2021, American Chemical Society).
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Fig. 6. (a) Schematics of an NBT-SBT MLCC and local elastic energy densities for <100>, <110>, and <111>-oriented single layer, (b) F
fabrication process of <111>-oriented SrTiOs templates, (c) XRD patterns of the <111>-textured NBT-SBT ceramic, (d) comparison of the
energy densities for <111>-textured NBT-SBT MLCC and previously reported dielectric ceramics, (e) energy discharge behavior of MLCC
with various temperatures, and (f) discharge energy density and efficiency with dependence on cycle number [18] (Copyright 2021, American

Chemical Society).



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 4, pp. 322-332, July 2022: Choi et al

3.3

ZRUH-RHASE St HHXl ME X

20199 =2 =7 CF-UM-UP9] 1812 (111) ® %
2 BCZT 459 ZRAA L%%ﬁ% gt
Bao 7Cao 3T103 BaZI‘o leo 803( )‘1|H:—']' HfOZAlzog

(HAO) ¥tar-3 A 5ot A -4 SA +22 A
Arsto] o | R A7 d 5 FFAIZT [19]. BCZT vfar2
ns @99 24 AQQK £ 2ot G B2 ALA 235
e 7FR| L Qo] o YR A|AEof 280 A3rsict.
Pt(111)/Ti/Si0y/Si 7|=S A ElZ8j o0 2 AF251H
g 7(a)9] XRD &4 ZAapx g (111)2 2 & ujgksl BCZ

d

331
o e P 4 9ov], muole] Yol v A
M Ho 4% BIEYL 2 4 Utk weA

A
pt/BCZT/HAO/Au ATAEl= Pt/BCZT/Au HIAIE]
o vls] oYx] AAEAN LU ERYU LI} SFAEQIct
Pt/BCZT/Hao/Au HIAIE= 33 7(d)x& A 7)Ao
T2} Prax S 72.6% Z7151H= wHA P2 31.8% 5715}
7] WEof|, Pay-Pr 342 374 Z7}51aL o] o] whet P-E o]
H54 deie Ao Heleith. O1 7(e)Xd Pt/
BCZT/Hao/Au AT AE]= 750 Kv/cmojlA] 99.8 J/cm®
ANUA] ML=} 71.0% olUA] Mgaes 7o A
| 82 93 v 9l Aol 23 QMg A 5S¢ 9sf 10°

"ol AALE . 713 7(b). ()] P-E o] R4e §3)  ARIS7IA 2% Aw 39 NAY Pt/BCZT/Hao/
ARt W2o] ZFOoRA EMNS AT 9SS solstyl  AuATHAIE 9 oUA] ARF E442 vl A LA SHA /A
1, of7]ol] SRAES AdstH o] Aol gropxw 7] EUH. HAOS S| A2 7 A7 = dafste 22=
So|AA O & o]2pAl2 =2 ouix] AFEES I S Al P-EolHile] S Yot 4 91l HAO
Lo gejoltt B E ojujElA] Weoll AN woel TS BCZTRE A= Atolol] §X]AIA oy x] &4do] A
WjarS Welst ARAAL QojA ohAy wEnn S AMFE o]RRHS DAt £ AT ANE 5
o 229 LEhdch T3 HAOS 7 9AR|1E A8 A2 o FRAA-FAMNSS S8etsts 2ol fAA Al
Atolofl ArlsiH Aol X Q] A5 &hakg Zhastol Alw HO d5E FATIE el FRHd S RAET.
200 200
(a) (b) (c)
R o i T 100l
2 § 10 §
g g s
- 5 °r § °[
z 2
E c -100 - s 100
° [=]
pmaomezt & PYBCZT/Au a PYBCZT/HAO/Au
PYBCZTMAO .zoo N " 2 » -200 A A A A A
25 30 36 40 45 60 55 60 150 .75 75 150 50 75 0 75 150
d 20 (deg.) Electric field (kV/cm) f Electric field (kV/cm)
( ) O PUHAO/BCZT/Au (e)125 O PUHAO/BCZT/Au 180 ( )"20 100
60 O PuBCZTHAOBCZT/IAU O O PUBCZTHAO/BCZT/AU
> PUBCZT/HAO/Au D600 100 | > PUBCZTHAO/AU P
7 P = PR & et s > P 1 L] U —
o [ M > (] | N ~<KKKKIX 594
C Oy @ .0 30 o~ 75} {10 ~ 60
§ |BukBoro >4a00 £ E 2 8], =& o 17 5
o) ‘.7 > TS 8 19 7 8 1900000 3
320- v /‘\ (o) Q ~ 50} i 8 E <> g 440 §
"ol 1>\ .0 g gt >\ 3
gl 81 200 -~ 25} 8 ; = e} —I—n 20
L \ g —o—wW_]
0 (D) - (a) - 8 Wmv
: . L . " i 0 Ll I L L L 0 .11 ) PP S S SO P S ST
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 20’ 30" 10 30" 10 18 A0 b
Electric field (kV/cm) Electric field (kV/cm) Number of cycles

Fig. 7. (a) XRD patterns of dielectric multilayer with different architectures, (b), (c) P-E curves for different architecture of dielectric capacitors,
(d) Pr and Pmax and b) Ec values with different applied electric field, (e) energy storage density and energy storage efficiency dependence of the
applied electric field for various capacitors, (f) energy density and efficiency as a function of the operation cycles for the Pt/BCZT/HAO/Au

capacitors [19] (Copyright 2019, John Wiley & Sons, Inc).
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