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Development of novel solid-state cooling technology that delivers innovation to
global warming countermeasures
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The purpose of this research is to develop solid-state cooling technology
that can be used for next-generation cooling equipment. We utilized the interaction between defect
dipoles with Cu ion-oxygen vacancy and the spontaneous polarization of ferroelectric barium titanate

to control the polarization reversal. The electrocaloric effect in the single-domain state was not
significantly different from the pristine sample without polarization reversal, and no temperature
change was confirmed. In the multi-domain state, we obtained the world"s highest figure of merit
measured at room temperature due to de-insertion of ferroelastic domain walls. We have demonstrated
that materials design utilizing an interaction between defect dipoles and ferroelectric polarization
is effective for enhancing the electrocaloric effect.



10%

40-50%

2020 2016 11 4
2°C 1.5°C
2°C 300 t CO2
4
CO2
4
1 7-8
COP22
CO2 90% 10-20%
2014 136 t-CO,
CO; 119 t
CO; 3000
HFC
2020 4200 t-CO2 HFC
HFC
CO; HFC 4 t-CO;
2020 2020 HFC
1.6
t-CO2 10% 12 t +HFC 04 t
16 t CO2 21

CO2



P =

1(b)]

053 K
1(b)]

200 °C
80 °C

BaTiOs

Cu
> 95 %)

Cu

5min
3 24 h
Vo

30kV cm?

1(a)

(x = 0.3%)

0)

aging
E=0

aging
Dui

unipolar

Ps

1(9)]

4

(FOM = 0.010)(4

3(b)

VO"

Daipol

(E)

VO"
aging

Daipol

~0.7 atm

(Poz=7x10"5atm)

(80°C, 24 h)

P~0

VO. o

Mn Cu Daipol
Ps
Cu BaTiOs
BaTiOs (BaTi;—xCuxOs-s5. Cu-BaTiOsz, x = 0.3%, 1.5%)
Po. 900°C, 3 h
1-3s Vo
Po,=0.2 am
Tc=130°C
aging
aging
60 kV cmtst
K
NIE 40
G | ©)] Eofq/
Q 2 aged
i ZS
-20 - _ﬂ on
'40 T T T T
30 20 10 0 10 20 30
(b) E/lkV em™!
Multidomain

pole

Ddipole

AT+ =056 K, AT-=

BaTliOs

FOM

[

Figure-Of-Merit (FOM = |AT-/Eon|)

25 mK cm kv (Tc )

Domain wall

X
/ Defectdipole (Cu®*- 1/,*)

Single domain

Figure 1 (@ Polarization property of the aged

Cu0.3%-BaTiOz ceramics,

(b)

schematic  of

the

polarization switching, and (c) the direct measurement
data of the electrocaloric effect.



[6.7]



30 29 2 12

Fu Xiuwei Villora Encarnacion Matsushita Yoshitaka Kitanaka Yuuki Noguchi Yuji Miyayama 851
Masaru Shimamura Kiyoshi Ohashi Naoki
Lattice engineering by Sr-substitution leads to high piezoelectric performance of (SrxCal- 2021

x)3TaAl3Si12014 single crystals

Journal of Alloys and Compounds

156860 156860

DOl
10.1016/j . jallcom.2020.156860

Noguchi Yuji Inoue Ryotaro Matsuo Hiroki

129

Domain-wall photovoltaic effect in Fe-doped BaTiO3 single crystals

2021

Journal of Applied Physics

084101 084101

DOl
10.1063/5.0035597

NOGUCHI Yuji 129

Defect chemistry in perovskite ferroelectrics -History, present status, and future prospects- 2021

Journal of the Ceramic Society of Japan 271 285
DOI

10.2109/jcersj2.21039

Noguchi Yuji Matsuo Hiroki 60

Ferroelectric photovoltaic tensor in visible-light-active Fe-doped BaTi03 single crystals 2021

Japanese Journal of Applied Physics

SFFAO1 SFFAO1

DOl
10.35848/1347-4065/ac0c6c




Abe Tomohiro Kim Sangwook Moriyoshi Chikako Kitanaka Yuuki Noguchi Yuji Tanaka Hiroshi 117
Kuroiwa Yoshihiro
Visualization of spontaneous electronic polarization in Pb ion of ferroelectric PbTiO3 by 2020

synchrotron-radiation x-ray diffraction

Applied Physics Letters

252905 252905

DOl
10.1063/5.0037396

Noguchi Yuji Taniguchi Yuki Inoue Ryotaro Miyayama Masaru 11

Successive redox-mediated visible-light ferrophotovoltaics 2020

Nature Communications 966 966
DOI

10.1038/s41467-020-14763-6

Yoneda Yasuhiro Noguchi Yuji 59

Nanoscale structural analysis of Bi0.5Na0.5Ti03 2020

Japanese Journal of Applied Physics

SPPAO1  SPPAO1

DOl
10.35848/1347-4065/aba2c2

Matsuo Hiroki Noguchi Yuji Miyayama Masaru Kiguchi Takanori

Konno Toyohiko J.

116

Enhanced photovoltaic effects in ferroelectric solid solution thin films with nanodomains

2020

Applied Physics Letters

132901 132901

DOl
10.1063/1.5142880




Matsuo Hiroki Noguchi Yuji Miyayama Masaru Kiguchi Takanori Konno Toyohiko J.

116

Enhanced photovoltaic effects in ferroelectric solid solution thin films with nanodomains

2020

Applied Physics Letters

132901 132901

DOl
10.1063/1.5142880

Noguchi Yuji Taniguchi Yuki Inoue Ryotaro Miyayama Masaru 11

Successive redox-mediated visible-light ferrophotovoltaics 2020

Nature Communications 989/1-8
DOl

10.1038/s41467-020-14763-6

Kitanaka Yuuki Noguchi Yuji Miyayama Masaru 9

Uncovering ferroelectric polarization in tetragonal (Bil/2K1/2)Ti03-(Bi1/2Nal/2)TiO3 single 2019

crystals

Scientific Reports 19275/1-8
DOl

10.1038/s41598-019-55576-y

Kitanaka Yuuki Makisumi Kohei Noguchi Yuji Miyayama Masaru Hoshikawa Akinori Ishigaki Toru 58

Composition-driven structural variation in ferrielectric phase of (Bil/2Nal/2)Ti03- 2019

Ba(Mgl/3Nb2/3)03

Japanese Journal of Applied Physics

SLLAO4 SLLAO4

DOl
10.7567/1347-4065/ab37c4




Yoneda Y. Taniguchi H. Kitanaka Y. Noguchi Y. 538

Local structure analysis of PbTi03 in high-temperature cubic phase 2019

Ferroelectrics 57 62
DOl

10.1080/00150193.2019.1569986

Noguchi Yuji Matsuo Hiroki Kitanaka Yuuki Miyayama Masaru 9

Ferroelectrics with a controlled oxygen-vacancy distribution by design 2019

Scientific Reports 4225/1-8
DOl

10.1038/s41598-019-40717-0

Kojima Seiji Zushi Junta Noguchi Yuji Miyayama Masaru 532

Successive phase transition of lead-free ferroelectric sodium potassium niobate crystals 2018

studied by Raman scattering

Ferroelectrics 183 189
DOl

10.1080/00150193.2018.1430443

Noguchi Yuji Tada Masaru Kitanaka Yuuki Miyayama Masaru 8

Fabrication and characterization of (Ba, Sr)Ru03 ceramic targets and thin films for 2018

ferroelectric BaTiO3 thin-film capacitors

AIP Advances

115135 115135

DOl
10.1063/1.5063861




Kitanaka Yuuki Ogino Motohiro Noguchi Yuji Miyayama Masaru Hoshikawa Akinori Ishigaki Toru

57

Crystal structure and ferroelectric polarization of tetragonal (Bil/2Nal/2)Ti03-BaTiO3

2018

Japanese Journal of Applied Physics

11UD05 11UD0S

DOl
10.7567/JJAP.57.11UD05

Fu Xiuwei VIlora Encarnacin G. Matsushita Yoshitaka Kitanaka Yuuki Noguchi Yuji Miyayama 501

Masaru Shimamura Kiyoshi Ohashi Naoki

Piezoelectric Ca3TaAl3Si2014 (CTAS): High quality 2-in. single-crystal growth and electro- 2018

elastic properties from room to high (650° C) temperature

Journal of Crystal Growth 38 42
DOl

10.1016/j - jcrysgro.2018.08.030

Noguchi Yuji Maki Hisashi Kitanaka Yuuki Matsuo Hiroki Miyayama Masaru 113

Control of misfit strain in ferroelectric BaTiO3 thin-film capacitors with SrRu03-based 2018

electrodes on (Ba, Sr)TiO3-buffered SrTi03 substrates

Applied Physics Letters

012903 012903

DOl
10.1063/1.5031156

45

Polar Perovskite -AgNb03 -

2018

1-6

DOl
10.19009/j jacg.33-45-3-04




Matsuo Hiroki Noguchi Yuji Miyayama Masaru 8

Gap-state engineering of visible-light-active ferroelectrics for photovoltaic applications 2017

Nature Communications 207/1-8
DOl

10.1038/s41467-017-00245-9

MAKISUMI Kohei KITANAKA Yuuki NOGUCHI Yuji MIYAYAMA Masaru 125

Enhanced polarization properties of ferroelectric (Bil/2Nal/2)Ti03-Ba(Mgl/3Nb2/3)03 single 2017

crystals grown under high-pressure oxygen atmosphere

Journal of the Ceramic Society of Japan 463 467
DOl

10.2109/jcersj2.16285

Fu Xiuwei Villora Encarnacion Matsushita Yoshitaka Kitanaka Yuuki Noguchi Yuji Miyayama 7

Masaru Shimamura Kiyoshi Ohashi Naoki

Resistivity and piezoelectric properties of Ca3TaGal.5Al1.5Si2014 single crystals for high 2017

temperature sensors

RSC Advances

56697 56703

DOl
10.1039/c7ral1926g

Matsuo Hiroki Kitanaka Yuuki Inoue Ryotaro Noguchi Yuji Miyayama Masaru Kiguchi Takanori 94
Konno Toyohiko J.

Bulk and domain-wall effects in ferroelectric photovoltaics 2017
Physical Review B 214111

DOl
10.1103/PhysRevB.94.214111




Kojima Seiji Tsukada Shinya Noguchi Yuji 586

Order-disorder nature and elastic anomaly of successive phase transition of (KO.5Na0.5)Nb03 2022

proved by broadband Brillouin scattering

Ferroelectrics 2 9
DOl

10.1080/00150193.2021.2014256

Noguchi Yuji Matsuo Hiroki 61

Ferroelectric polarization of tetragonal BiFeO3, an approach from DFT calculations for BiFe03- 2022

BaTiO3 superlattices

Japanese Journal of Applied Physics

SN1002 SN1002

DOl
10.35848/1347-4065/ac7bd2

Matsuo Hiroki Noguchi Yuji

15

High-quality ferroelectric Bi0.5K0.5Ti03-BiFe03 solid-solution single crystals grown under
high-pressure oxygen atmosphere

2022

Applied Physics Express

081002 081002

DOl
10.35848/1882-0786/ac7eab

Matsuo Hiroki Utsunomiya Masashi Noguchi Yuji 14
Utilizing ferrorestorable polarization in energy-storage ceramic capacitors 2022
NPG Asia Materials 80/1-9

DOl
10.1038/s41427-022-00426-2




Matsuo Hiroki Noguchi Yuji

10

High Photocurrent Anisotropy in Domain- Engineered Ferroelectrics for Visible- Light

Polarization Detection

2022

Advanced Optical Materials

2201280 2201280

DOl
10.1002/adom. 202201280

Noguchi Yuji Matsuo Hiroki 12

Origin of Ferroelectricity in BiFe03-Based Solid Solutions 2022

Nanomaterials 4163 4163
DOI

10.3390/nan012234163

21 20 18

Yuji Noguchi

Visible-Light Active Ferrophotovoltaics

IEEE International Symposium on Applications of Ferroelectrics (1SAF2021)

2021

Yuji Noguchi

VISIBLE-LIGHT ACTIVATION OF FERROELECTRIC PHOTOVOLTAICS

The 22nd American Conference on Crystal Growth and Epitaxy (ACCGE-22)

2021




intrinsic

2021

Yuji Noguchi

VISIBLE-LIGHT ACTIVATION OF FERROELECTRIC PHOTOVOLTAICS

14th Pacific Rim Conference on Ceramic and Glass Technology (PACRIM 14) including Glass & Optical Materials Division 2021
Annual Meeting (GOMD 2021)

2021

Yuji Noguchi

Electrically controlled polar perovskites

The 5th International Conference on Smart Materials and Nanotechnology (SmartMat@2020)

2020

33

2020




10

2020

Yuji Noguchi

Electric-filed-induced ferrielectric-ferroelectric transitions in polar perovskites

19th US- Japan Seminar on Dielectric and Piezoelectric Ceramics (19th US-Japan)

2019

Yuji Noguchi

Electrical control of ferrielectric and ferroelectric perovskites

The 11th China and Japan Symposium on Ferroelectric Materials and Their Applications (CIJFMA11l)

2019

Yuji Noguchi

Electrical control of ferrielectric and ferroelectric phases in Bi-based polar perovskite

19th International Conference on Crystal Growth and Epitaxy (ICCGE-19

2019




Yuji Noguchi

Ferroelectric capacitors with a controlled oxygen-vacancy distribution

10th INTERNATIONAL CONFERENCE ON MATERIALS FOR ADVANCED TECHNOLOGIES (ICMAT 2019)

2019

Yuji Noguchi

Giant Photovoltaic Effect of Ferroelectric Domain Walls in Perovskite Ferroelectrics

2018 ISAF-FMA-AMF-AMEC-PFM Joint Conference

2018

Yuji Noguchi

Polarization Twist in Perovskite Ferrielectrics Enhanced Piezoresponse in (Bi,Na)Ti03-Based Single Crystals

2018 ISAF-FMA-AMF-AMEC-PFM Joint Conference

2018

Yuji Noguchi

Gap-state engineering of visible-light-active photoferroelectrics

International Conference on Science and Technology of Emerging Materials 2018 (STEMa2018)

2018




Y. Yoneda, H. Taniguchi, and Y. Noguchi

Local Structure Analysis of PbTi03 in High-Temperature Cubic Phase

14th Russia / CIS / Baltic / Japan Symposium on Ferroelectricity RCBJSF 2018

2018

Yuji Noguchi

Polarization twist in perovskite ferrielectrics: A study on (Bi,Na)Ti03-BaTiO3 single crystals

The Fourteenth International Meeting on Ferroelectricity (IMF 2017)

2017

Yuji Noguchi

Ferroelectric Photovoltaics Delivering Abnormally High Photovoltages

The 6th International Symposium on Organic and Inorganic Electronic Materials and Related Nanotechnologies (EM-NANO 2017)

2017

Yuji Noguchi

Enhanced piezoresponse in polar perovskite oxides: Polarization twist in (Bi,Na)TiO3-based ferrielectrics

12th Pacific Rim Conference on Ceramic and Glass Technology including Glass & Optical Materials Division Meeting 2017
(PACRIM2017)

2017




Yuji Noguchi

Giant Photovoltaic Effect of Ferroelectric Domain Walls in BiFe0O3 and BaTiO3

12th Pacific Rim Conference on Ceramic and Glass Technology including Glass & Optical Materials Division Meeting 2017
(PACRIM2017)

2017

Yuji Noguchi

Energy storage ceramic capacitors utilizing ferrorestorable polarization

15th International Symposium on Ferroic Domains & Micro- to Nano-scopic Structures (ISFD-15)

2022

Yuji Noguchi

Progress and future prospects of bismuth titanate-based polar materials

International Session at the Ceramic Society of Japan Annual Meeting International Session)

2022

https://kumamoto-u-energyconvmater. jp/
researchmap
https://researchmap.jp/read0103227







