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Abstract: Dielectric ceramic capacitors present high output power density due to the fast energy charge and discharge nature of

dielectric polarization. By forming dense ceramic films with nano-grains through the Aerosol Deposition (AD) process, dielectric

ceramic capacitors can have high dielectric breakdown strength, high energy storage density, and leading to high power density.

Dielectric capacitors fabricated by AD process are expected to meet the increasing demand in applications that require not only

high energy density but also high power output in a short time. This article reviews the recent progress on the dielectric ceramic

capacitors with improved energy storage properties through AD process, including energy storage capacitors based on both lead-

based and lead-free dielectric ceramics.
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Fig. 1. (a) Comparative Ragone plot illustrating power density and energy density performance of various energy storage devices including
batteries, electrochemical capacitors, and dielectric capacitors and (b) potential applications of energy storage capacitors in military, power
grid, lasers, aircraft, electronic automobile, and medical devices which require high power and energy density. A dielectric material showing
the alignment and displacement of electric dipoles caused by polarization in response to an applied electric field.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 119-132, March 2024: Song et al. 121

oA &g AR SEoll Chat 2L TH5L AFtof
He A B B F9AAY AT Bgoll it B
92 ol o golct.

2. TOILIX| LE HAES FHH HE R
UIEPYRIEIERY

HIAY &S H2h FAA Aee 29 2ol YeRd
vt o] F=~<Hdipole) R J-RAA =HQl x0f wet

A3 S A A (linear dielectric, LD), AF-S-& A (paraelectric,

PE), 7Z2-S-&AA|(ferroelectric, FE), &sta 7S A A (relaxor
ferroelectric, RFE) @ 7S A A (anti-ferroelectric,
AFE)2 #2790 [12]. 2% =2 dUA] E42 271 9
gt 2UES 5= A Aas ety A
o WA A&7t H=a ook YHRAA Alg e
A2 AJEjolA &9 =0fQl(domain)
o] =0l JME =5 FaAT Haio 2 v gL of X}
4 230 EXAISHR] oy RS 7t ot A
Aot Hol dgAez = 7|7t Wstsiy, &9t 271
O 717 A7F Al RAA =9 4 Aol 7t EAjsitt. o]

N rlr

oz =
=48 7PAlE oAl 34 APEolof] olgt 7] AK el wh
U 1A ol 24 ojg e oulx] A 2412 7}

¢, gety Al ZJeAAlE 2ReHoR S5
SIRlo] N2 CHE FshE JHAlE o] o] YRIoRA &
ol 29 U Aol WA Ut olelat 24 B
Qv Aol oJsf £3 9ei(domain)o] L 272 &
AP Eek. L 23 37]9) ol 4752 7hilE ek

(a) Linear dielectric (b) Paraelectric

(c) Ferroelectric

AGAAS Fukart kel thep SAA o] A
ol AFlo] %7} Z7tste &HAF AbA o] (diffusion phase
transition)2& UEHcH o]S ZAHE ZufLo] o2 AMA
o] 2= ®¥ists Frtsto] ¢ty FRAAS SRS &
ot [15,16]. A714HS QA7kstA] QLS T U 152
7}x]+= polar nano region (PNR)o] At B=8& §X|5
K

o
o] Aol whe} .3 gjoio] StTheict whetA Yok 3
SAAE DA e mat B3 ThAlE v, o

A

R B3 2SO

Flo

=
slim hysteresis loop)& 7}4l0]
L
Lof o5 &3 5442 BT} [17-22]. PNR +x0] 7]
sto] LERLH: 28t 71678A] 28t Q9

450] el AU Tl Ao
shA Rmato 2 ety 46 S0l eI, o) ]
A E4e gkel 272 71X]= Pb(Mg1/3Nby/3)03-PbTiOs,
Pb(Mg1/3Taz/3)03—PbT103, Pb(an/aNbZ/g)Og-PbTiOQ;,
BaT103—NaNb03—Bi(Mg1/2T11/2)Og, Bio_5Nao_5T103—
BiFeO3-SrTiOs, 51f T2 3427 M 2B ATIO|E AX|
SOl = dEhts oz d2A ot [22-25]. o
=R RAOIAT Holx sk eH SHS A

—

ad

l

é__ - O v v 7T o=&a2 o
2 A 82 Sl 55t AT A2 AL Qo
THAA 215 d2 A 5782 ol st Yk
RO AU Al S dE ez Alx 32 £F
sto] U2 S ViAo =M et FRAAl S48
FE 4 AT Aty o] 7| =2 25 ouAz
FEo19 v ol Lhe 2YY S e ABA 7571
P02 AUEQl FoMA 2Y AR ABHOR Y
51 7RI SARE PER WEHAZ 4 Aok AL 2
(d) Relaxor  (e) Antiferroelectric

ferroelectric

PREN
v
S
/'f»\¢

L

=T

Fig. 2. Polarization characterizations as a function of the applied electric field of (a) linear dielectric, (b) paraelectric, (c) ferroelectric, (d) relaxor

ferroelectric, and (e) antiferroelectric materials.
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Fig. 3. Schematic depicting the transition from a typical ferroelectric state to a relaxor ferroelectric state, as evidenced by alterations in the
nature of the polarization-electric field (P-E) hysteresis loop, achieved through the adjustment of grain (domain) size using the aerosol
deposition process [26] (Copyright 2018, American Chemical Society).
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Table 1. Energy storage properties of dielectric thick films deposited by AD process.
Material Lead Ferroele?tric Thickness DBS Uree Effi. Ref.
content properties (pm) (kV/cm) (J/em?) (%)
(K,Na)NbOs3-LiNbO3 Lead-free Ferroelectric 5 1,400 23.4 70 [26]
6Bio.sNao.sTi03-4Sr0.7Bi02TiO3 Lead-free  Relaxor ferroelectric 4 900 10.4 75 [46]
(Bay.7Ca.3)TiOs Lead-free Bg%f:g:g::icc/ 45 400 1841 69.9 [47]
BZN-PVDF Lead-free fégl‘::p ?::r‘jzg z‘r’li 7 1,400 49 50 [48]
BaTiOs Lead-free Ferroelectric 20 1,000 6.8 83.1 2]
Pb(Zro.52Tio.48)O3 (PZT) Lead Ferroelectric 4 5,400 124.1 64 [30]
PMN-10PT Lead Relaxor ferroelectric 15 900 9.8 80 [49]
Mn-doped PLZT Lead Anti-ferroelectric 2.5 2,750 38.33 74 [43]
PMN-35PT Lead Relaxor ferroelectric 4 1,350 15.1 55 [40]
Sn-doped PLZT Lead Anti-ferroelectric 5~7 784 13 78.9 [42]
PMN-35PT Lead Relaxor ferroelectric 2.5 1,000 10.3 65 [39]
PLZT: relaxor
PLZT-BZN5 Lead ferroelectric / 5 1,400 14.7 81 [41]

BZN: ferroelectric
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