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Development SiC-based power devices increases demand for dielectric materials for use in high-
temperature capacitors. Barium titanate (BT), a conventional capacitor material, is not applicable to
such high-temperature applications because its dielectric permittivity drastically decreases at
elevated temperatures over the Curie point at 130°C. This study thus aimed to develop high-
temperature dielectric materials through stress engineering in BT-based nanocomposite structures.
A two-step deposition process based on the sol-gel technique was developed in this study to
fabricate BT-based nanocomposite films. As the first step of the process, we fabricated porous
films of BT. BT porous films with controlled thickness between 200-1500 nm could be obtained by
using a viscous agent and by optimizing processing parameters in a spin-coating process. We then
selected yttrium oxide (yttria) as the second phase to form the nanocomposite films. BT-yttria
nanocomposite films were successfully obtained by coating of a solution of yttrium nitrate on the
BT porous film followed by a heat treatment. The resulting nanocomposite film showed a
temperature-insensitive dielectric permittivity in a wide temperature range between room
temperature to 500°C. These results show that nanocomposite dielectric films applicable to high
temperature applications can be obtained by the proposed two-step sol-gel process.
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Development of high—temperature dielectric materials by stress engineering using nanocomposite structures

1. HIREBRFROBE

BRCHEATRGRIL T/ RNAT—T N\ RO -ERLICHEST. ZORATHVLNSIAL TUHITHLE NI EEARDS
NTWS, LWL REDIAVTUYHHETHEFEVEE/NN) D LIF 130°CIZH LI R (F1)—R) U LEDREICLLIEFEEN
RHITEL T BH=O. ERTTRWACENTERGWN, ECTEARMRTIE, FEVEN)ILEMOYELE T /LANILTEEESE,
ZHOBWRRBOEISER T AIGNITESTFIVENIDLOF 1) —REERAIS IS EHIET, 300°CETD AT T
ERTEAHLLEBRMHORREREL.

F/AVROVINZFBERDERAZELT, BREBRED—DTHAV I -TIVEEERAL. FIVEENII LD S HKIRICE—HE
BRBESETEELTH2BEBOY - T LITOERERH L. £F . TOVIHRESKEHFRICAVYIL-FILEICEYIV ROV
RDIL—LTD—H 3 F 2 BN LS HKREE R L=, FAUEBEN) D LS KB EREN LEBEEOBEFRZFMICH
RE-FERVILBRADBEFORMOBRLE, BROERADI—FFICETHHERREICEoT. ROEAZ 200 nm MR K
1500 nm ETEILSE D EITHINLT=, EBIT, FAVEEN) I LEERILSELEHELTRIEA YN LAZREL, VRO VME
DERERAA =, TDFER ., WA YN I LEBRLUIBRET VBNV LS AEBRICO— N THRRT H2ET, FEUBNID
LIERDWBILEBRIE AR LAEH IOV ROV MNEMER TESH LM of=, ERLFaVROVMERK, ZEEMND 500°CET
DEVERETEEICHTHERIED/NSNRELZFERERLI CROoDRERMN G 2BREED YV IL- ’T)LEJZHij’EItZI &Y RE
BEROERIAVTUYMBELTHEELRF /AU ROVNEERIEMNMER TELZEABHLMNEL ST,
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Development SiC—based power devices increases demand for dielectric materials for use in high—temperature capacitors. Barium
titanate (BT), a conventional capacitor material, is not applicable to such high—temperature applications because its dielectric
permittivity drastically decreases at elevated temperatures over the Curie point at 130° C. This study thus aimed to develop high—
temperature dielectric materials through stress engineering in BT—based nanocomposite structures.

A two—step deposition process based on the sol—gel technique was developed in this study to fabricate BT-based nanocomposite
films. As the first step of the process, we fabricated porous films of BT. BT porous films with controlled thickness between 200-1500
nm could be obtained by using a viscous agent and by optimizing processing parameters in a spin—coating process. We then selected
yttrium oxide (yttria) as the second phase to form the nanocomposite films. BT—yttria nanocomposite films were successfully
obtained by coating of a solution of yttrium nitrate on the BT porous film followed by a heat treatment. The resulting nanocomposite
film showed a temperature—insensitive dielectric permittivity in a wide temperature range between room temperature to 500° C.
These results show that nanocomposite dielectric films applicable to high temperature applications can be obtained by the proposed
two—step sol—gel process.
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