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ARBUERATTIE, BRI S R0 I W A 2 A
HUTHRNTG A—=F T4 v T4 v 7FEAT, &SRR
R &Y 5 Z & T CFRTP G O M BEWIEBL o 1
ZAA L7, VSR BINEMATIC BT B D 8T X —
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HCIEARDAE U5 2 & THIBIEATER S, I D)

BOMRETHIETY MY v 2 ADHT 5. TOFBET
FMOEREFRE LKL T MY v 7 2O & )R
FHEHEIMER SN —T, < M) v 7 ZOBE LR
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Highly concentrated NV ensembles produced by vacancy formation using

transmission electron miCroscopy

Hiroshi KAWARADA
1. HREH 2. HEKR
54Xy FHoEHE (Nitogen) & BT 2 B 2240 2. 1 TEMTOEFRHFICLIUARZREONV 7>
(Vacancy) 28 % $ R THHNVE Y ¥ —idikf vy v > Y TIVOER

FRBETHREOBERME LTHHEAZED TN L, NV Y
F—1x, TOAE VRIS U TIERENELT 5720
WARRE 2 RIS A T 2 LR 5137, B GHzD
<A 7O EMCTAE VIRBEOIRIENFT ) Z EHFTE,
IMZTHFN DML TTEETH 5,

NVt Yy =D EiRETHEET 2R NV T V% T
WEIER, BTy Zi2BWT, NVT Y3y 7 vE
AW Y id, NV Y — NI L OB
BERYNIZHBIT 2 2o Yy ZPAMI L EBREONYV T
UH YTV, ETWIEYE X OB R O EEBRICH
WHNLZELMEEN L, NVT V¥ v 7TV o4&
ATy TEERARY, HRELECTHRETE 2,

ERELRNVT Yy TV RS 50Kk TS
NEHERE, vy 7 vy FnddExz e E7RETH
b0 BFELLEGLHIH LT, BMeVIThES N
BTE—225 A YEY FHORZFRTICHRT L2 L
THTFZILE AR EE, 72— VILBIZXI YNV LY & —
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EREEZ NV 7 o4 2 7 OVERN I E T IRGTIRE R 2 3 09
VEXHY, 207t A THERSNIERIRESIRED
NV 7 >4 270 (45 ppm) 2BV TIL e T HRGFIE 25285
B LEICR>TWDEI RS, 5H%EO LD EIEE
GNVT oY TV fflls 22 Ll weFRENS
20, HRAEIBRELRNVT Y Y T VEBIIEH T
TUu—FARD LN S,
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Whoo, HAEERNSZ ) OB TREE 2T L0
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5 BT HREATREIC % %o

BiiEE (HPHT) Bk > THREINAEHE) v F 4
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T HE G
NV7 ¥4 7 VORNEEEZ E—NV X & — D5
BELE KT L2 EICE T, TZONVT UH YT LVO
NVigELZHM L7z (Fig.2)o €612, MRELNVT ¥
YTWIZBWTIE, NV & —[t MBS B
RS B2 EAMEDD, WEEL RV, AR TIE
NVt v & —[FAEOMEEHZ2BEICR L2720, B
SREED S ONVIREOR M L i E 1T 720 2% Table 1
127 %, HPHT # 4 Y& > F ([N]= 3 x10¥ [em*]) 12
BIRE T2 LT, ERESREONVT V¥ 70
(INV1=1.1x10" [em ™)) Z3EW L 720
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Fo7ay MEZHPHT ¥4 Y Filk, H07
gy MICVDFAYEY Nk 2T,

Table 1 NV 7 ¥4 ¥ 7V OFIGHED S H I LNV
WEEL, NVt v — it DM 55
b o 7- NVIREEO Hok

Electron NVenseml[)ifn c93r]1centration
Sample [g::]s Eg] NV-NV emission
interaction intensity
1x10% 1.1x10" 5x10"
[N] ::ipllé;r[cm—s] 1x 10" 6.5%10" 4%10"®
1x10% 1.7x10" 2x10"
CVD 1x10" 85%10" 3x10"
[N]=8x10"[em ] | 1x10® | 23x10" 2x10"

2. 2 HARSEENERN-—TCVDEAYEL ROER
Woe =Tl O CVD 2 2 v T, @R[N =8 x
10° [em %] 2 &G MFURBOEHE F—7CVD YL Y E Y
FEEHR L 72, CVDEILL D54 YE Y FOMMBKET
i, BEEZRNTAZETHENIN LT 5, BREIRED
HRZ 11 I & TEim e 2 MBS 5N 51307,
RFEDEIED5 R B L RSO WL BT 5L D
HWHEEXNTWB% N, CO, CH, H, " ZZJHWT, M
FERFZOFE 1: 1 IRL LS, REOHEIT 4~
5%127% 55 TCVDAEREIT, MREICEEL & A
RS LHEREORWYAXYE Y N2/ L7, E51C
CORFHH L CTEM TR TR AT 2 & T, Wil
NV7 %7 nvafe#lL iz,

NV#E I FEEME & NV OMEAEM 2R L7z 57

AXEY FHPONVE Y Z — 13 HOBMICE > T4 77
w—7ﬁ&?éo:h%%%&kﬁﬁbtkgtnt~
LY AR ED X HICEMAT Z20ICE-T, NVt~
y—LoMEEHZ BES 2 2 L3k b, NVE >~
F—ALAEH L CHIET A58, TobbNVEY ¥ —
DWEPREVE FI2E, NV ¥y —FHtEoME/EH
HRENRKE L B, T —L v AWM 1 Hahn-Echo il 2
B & U'Double-Double-Electron-Resonance (DEER) #ll %€ (2
Lo THEM L, 2ofE%, HPHT ¥4 Y€~ F ([N]=
3x10% [em°]) ICETHH T L2 & T, BWE (NV]=
L1x10" [em ™)) ##W L7z S HICCVDY AL ¥ £~
F ([N]=8 x10%° [em °]) 12xt 3 % &7 R4 T HE
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LTwb, $4&bb, BMARERLIZE > THRO CEER
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B R R 2 2L X € Ga/Te it O #1123 72,
EHREEORE Q7 AL o TUTORD X512
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. KEGEMIFEIIEME S v, Z 2 TR % 2 min,
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L7z ADDH Y TINVDRAINy §1) v 7HEICE B Mok AT
OHRESMIHM— L TH Y, ZOLEMEZUTITRT,

#1 Mo, ATED R 8y 1) ¥ 7 44k
(RF&EJIZ100W TR %)

HERTE ArJEJ) [Pal HeRERFR] [min]
Mo First layer 10 16
Mo Second layer 3 4
AT 3 2

YER L 72 AGT Jg O XRD MIE RS K & R § 7o
|

Mo 110
AgGaTer 204

Heating Time 14min
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A
| —, . il
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ﬂ Heating Time 2min
| | |

10 15 20 25 30 35 40 45
2 theta (deg.)

2 PRERRRI 2 2L S 724 2 7 )L o XRD A5 R

AGTI2D A F 4 FFH A V) DOZEALZERARDL 20, 24.9°4
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25.8 [deg] 11 » AgGa;Tes (AGT158) D ¥ — 7 AS{H I L
T 5 DPRFFRERIAY10 min & 14 min DY > TV Hh 513 €
DY — 7 DR TE %, AGTI581Z AGT11212 T Ga,
TedF 2 E S > TWEHETH S, T2, DT
XRFMIEDHER S RT

FK2 PRI & B ITE ORI RE

THAlg - Ag G Te Mo SO,
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6 5700 150000 3200 440000 9000
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14 5200 250000 5100 330000 5700




K2 ORI 2 EIX T & Ga k Te DR A IREDR X
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EPEREEZOND, L7zA%o TRIEFIEIAS10 min O 9
YTND XA AGTI2OA P FF X MY DHbTHIC
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H. Kawarada
“Oxidized silicon terminated diamond FETs operated as deep normally-off without deteriorating drain current density”
Hasselt Diamond Workshop 2023 - SBDD XXVII, Hasselt, Belgium, March 15-17, 2023 (Invited, March 15,2023)

R. Nomoto, H. Sato, Y. H. Chang, H. Kawarada
“Multi-Sensing Utilizing Common-Gate Ton-Sensitive FETs"
Design & Engineering by Joint Inverse Innovation for Materials Architecture, Waseda Univ., Tokyo, Mar. 11,2023 (Poster)

C. Wakabayashi, Y. Takano, M. Tachiki, S. Ooi, S. Arisawa, M. Sasagawa, H. Kawarada

“Low Temperature Operation of 2DHG Diamond FETs with Superconducting Diamond Sources and Drains aiming at JOFET or
SCFET operation”

Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Waseda Univ., Tokyo, Mar. 11, 2023
(Poster)

K. Hayasaja, K. Kanchisa, M. Ueda, K. Kimura, S. Onoda, H. Kawarada

“Highly concentrated NV ensembles produced by vacancy formation using transmission electron microscopy”

Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Waseda Univ., Tokyo, Mar. 11, 2023
(Poster)

A.Takahashi, M. Arai, F. Asai, Y. Suzuki, A. Hiraiwa, H. Kawarada

“2DHG diamond MOSFETs with multi-finger structure for gate width expansion and improved RF characteristics”

Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Waseda Univ., Tokyo, Mar. 11, 2023
(Poster)

M. Ueda, K. Hayasaka, K. Kanehisa, Y. Takahashi, C. Wakabayashi, T. Kageura, H. Kawarada

“Characterization of Ultra High-Concentration Nitrogen-doped CVD Diamond”

Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Waseda Univ., Tokyo, Mar. 11, 2023
(Poster)

K. Ota, Y. Fu, K. Narita, C. Wakabayashi, A. Hiraiwa, H. Kawarada

“Achievement of the first normally-off operation in vertical diamond MOSFETS using oxidized Si termination diamond channel”
Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Waseda Univ., Tokyo, Mar. 11, 2023
(Poster)

K. Ota,Y. Fu, K. Narita, C. Wakabayashi, A. Hiraiwa, H. Kawarada
“Normally-off operation in (001) Vertical Diamond MOSFET using Oxidized Si termination diamond channel”
2022 MRS Fall Meeting & Exhibit, Boston, USA, Nov. 27-Dec. 2, 2022 (Oral, Nov. 30, 2022)

K. Hayasaka, M. Ueda, K. Kanehisa, Y. Ueda, K. Otani, T. Tanii, T. Kageura, S. Onoda, S. Kono, H. Kawarada
“High-Density NV Ensemble Produced by Electron Irradiation of Ultra High-Concentration Nitrogen-doped CVD Diamond”
2022 MRS Fall Meeting & Exhibit, Boston, USA, Nov 27-Dec 2, 2022 (Oral, Nov. 29, 2022)




A.Takahashi, M. Arai, F. Asai, Y. Suzuki, A. Hiraiwa, H. Kawarada
“2DHG diamond MOSFETs with multi-finger structure for gate width expansion and improved RF characteristics”
2022 MRS Fall meeting & Exhibit, Boston, USA, Nov 27-Dec 2, 2022 (Oral, Nov. 30, 2022)

R. Nomoto, H. Sato, Y. H. Chang, H. Kawarada
“Proposal of A Common Gate Method Suitable for Multi Sensing Using Diamond Electrolyte Solution Gate FETs”
2022 MRS Fall Meeting & Exhibit, Boston, USA, Nov. 27-Dec. 2, 2022 (Oral, Nov. 28, 2022)

C. Wakabayashi, Y. Takahashi, T. Kageura, Y. Takano, M. Tachiki, S. Ooi, S. Arisawa, H. Kawarada
“1.6K Operation of Diamond FETs with Superconducting Diamond Sources and Drains targeting JoFET or SCFET operation”
2022 MRS Fall Meeting & Exhibit, Boston, USA, Nov 27-Dec 2, 2022 (Oral, Nov. 30, 2022)

M. Ueda, K. Hayasaka, K. Kanehisa, Y. Takahashi, C. Wakabayashi, T. Kageura, H. Kawarada
“Ultra High-Concentration Nitrogen-doped CVD Diamond with Highest Crystallinity”
2022 MRS Fall Meeting & Exhibit, Boston, USA, Nov 27-Dec 2, 2022 (Poster, Nov. 29, 2022) (Best Student Poster Award)

K. Hayasaka, M. Ueda, K. Kanehisa, T. Tanii, S. Onoda, S. Enemoto, S. Kono, H. Kawarada

“High-Density NV Centers of Ultra High-Concentration Nitrogen-doped CVD Diamond Using Vacancies Created by
Transmission Electron Microscope”

The 2nd Internatioal Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA),
Senri Life Science Center, Osaka, Japan, Oct. 25,2022 (Poster)

K. Ota, Y. Fu, K. Narita, C. Wakabayashi, A. Hiraiwa, H. Kawarada

“Achievement of the first Normally-off operation in Vertical Diamond MOSFETs using Oxidized Si termination diamond channel”
The 2nd Internatioal Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA),
Senri Life Science Center, Osaka, Japan, Oct. 25,2022 (Poster)

H. Sato, K. Masadome, L. Nomoto, Y. H. Chang, H. Kawarada

“Seawater Wireless Communication in Pipe filled with Seawater Mediated by Ions in Electrolyte Solutions by utilizing Diamond
Solution Gate FET”

The 2nd Internatioal Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA),
Senri Life Science Center, Osaka, Japan, Oct. 25,2022 (Poster)

F. Asai, M. Arai, A. Takahashi, Y. Suzuki, A. Hiraiwa, H. Kawarada

“Multi-finger 2DHG diamond MOSFETSs with air-bridge structure for gate width expansion and improved RF characteristics”

The 2nd Internatioal Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA),
Senri Life Science Center, Osaka, Japan, Oct. 25,2022 (Poster)

R. Nomoto, H. Sato, Y. H. Chang, H. Kawarada

“Multi-Sensing Using Ion-Sensitive FETs by Common-Gate Method”

The 2nd Internatioal Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA),
Senri Life Science Center, Osaka, Japan, Oct. 25,2022 (Poster)

H. Kawarada, Y. Takahashi, C. Wakabayashi, M. Tachiki, S. Ooi, S. Arisawa, Y. Takano

“Diamond superconductivity for Josephson junction, SQUID and FET application"

2022 JSPS 146th Committee International Symposium on Superconductor Electronics, 15th Superconducting SFQ VLSI Workshop,
4th Workshop on Quantum and Classical Cryogenic Devices, Circuits, and Systems, Kyoto Research Park (Kyoto), Japan, Sept. 28-
30,2022 (Invited, Sept. 29, 2022)

C. Wakabayashi, Y. Takahashi, T. Kageura, Y. Takano, M. Tachiki, S. Ooi, S. Arisawa, H. Kawarada

“Low Temperature Operation of 2DHG Diamond FETs with Superconducting Diamond Sources and Drains aiming at JoFET or
SCFET operation”

2022 International Conference on Solid State Devices and Materials (SSDM2022), Sept. 26-29, 2022 (Online-Oral, Sep. 27, 2022)

M. Ueda, K. Hayasaka, K. Kanehisa, Y. Takahashi, C. Wakabayashi, T. Kageura, H. Kawarada
“Characterization of Ultra High-Concentration Nitrogen-doped CVD Diamond”
2022 International Conference on Solid State Devices and Materials (SSDM2022), Sept. 26-29, 2022 (Online-Oral, Sep. 27, 2022)

A.Takahashi, M. Arai, Y. Suzuki, F. Asai, A. Hiraiwa, M. Tsuru, Y. Yamaguchi, Y. Komatsuzaki, K. Kudara, H. Kawarada
“2DHG diamond MOSFETs with multi-finger structure for gate width expansion and improved RF characteristics”
2022 International Conference on Solid State Devices and Materials (SSDM2022), Sept. 26-29, 2022 (Online-Oral, Sep. 28, 2022)

H. Kawarada
“Oxidized Si terminated (C-Si-O) diamond and ultra highly boron doped diamond for industrial device application”
NDNC 2022, Kanazawa, Japan, Jun. 6-9, 2022. (Invited, Jun. 8, 2022)

H. Kawarada
“Vertical Diamond p-FETs with Normally-Off Operation for Complementary High Power and High Speed Inverters”
2022 MRS Spring Meeting & Exhibit, Hawaii, USA, May. 8-13, 2022. (Invited, May. 10, 2022)
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K. Tsuboi, N. Su, S. Kobayashi, K. Sugimoto, and M. Kobayashi
MBE growth of Tin-Telluride thin films on (001) GaAs substrates
QT05.04, 2022 MRS Spring Meeting & Exhibit, Honolulu Hawaii May 8-13

S. Nan, K. Tsuboi, S. Kobayashi, K. Sugimoto, M. Kobayashi
Surface morphology and electronic properties of SnTe films prepared by molecular beam epitaxy
P2.34, Compound Semiconductor Week 2022, June 1st to 3rd, 2022, Ann-Arbor, Michigan

S. Kobayashi, K. Sugimoto, H. Kawashima, N. Su, M. Kobayashi
The nanofacet size tuning for the crystal quality improvement of MBE grown ZnTe (110) thin films formed on Sapphire substrates
Thu 19-1100, 2022 International Conference on Molecular Beam Epitaxy, Sheffield, UK, Sept 4-Sept. 9, 2022
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S. Nan, K. Tusboi, S. Kobayashi, K. Sugimoto and M. Kobayashi
Crystallographic and Electrical Property Improvement of MBE Grown SnTe Films by Introducing ZnTe Buffer Layers
EQ04.07.04, 2022 Fall Meeting & Exhibit of Materials Research Society, Boston, MA, Nov. 27" — Dec. 2nd, 2022
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B ARG Ew S 20224 AT RS (GB1209MEHE K %), 2022.05.25, 1

Utilization of cage siloxanes for titanium-containing siloxane-based catalysts with unique Ti sites
The 20th International Zeolite Conference, 2022. 07. 04, —#%

REEMHAEMMPOSS # HW 2B TiVv A V23 5F5 7 axy U REEMDOEK
HARV IV VS 820l E e, 2022.07.15, —i#%

Design of Self-healing Siloxane-based Nanomaterials
'The International Sol-Gel Conference 2022, 2022. 07. 26, A £F

Synthesis of Nanoporous Titanosiloxane Materials for Oxidation Catalysis Using Cage Siloxane as a Building Block
The international Sol-Gel Conference 2022, 2022. 07. 26, —#%

Preparation of nanoporous materials containing cage germoxanes with exchangeable organoammonium cations

The international Sol-Gel Conference 2022, 2022. 07. 26, —#%
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65k TR A RS, 2022.09.08, —#%

=F T F 7 L) ZIAROE R & E BN OIS
AARES v 7 2tHhs E3BRHKEY Y RY v L, 2022.09.15, —#%

70y 7 aR) =AY v Ry RS MEREROERE B OB
HARET I v 7 A& W3BEBTFY Y RT v L, 2022.09.15, —

FUEHER] I eV ORMMEEZFG L72Y ) A F /3y — 2 ORI
HARET I v 7 A& W3BEBTFY Y RT v L, 2022.09.15, —

B ) VIERBHEI L EHABRYOF TV OEFIC L BT ) ZILEO R
HAYS I v o AWHE HE3BEHKFY RI LA, 2022.00.15, —#F

Ti—-OH¥ZHTAHF % ) v afxi LEMOERK L 2 OflliE
130 H R 2%, 2022.09.26, —#%

FTRFA FBIBHOTIVIF I Y IMEERY VA F ) ua x4 12X A 154
45 9 ] ZAIKEN Festa, 2022.10.06, —f&




=F T T LT ZAUROEIR L E RO
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Cage Germoxanes as Selectively Removable Building Blocks for Construction of Nanoporous Materials
International Symposium on Porous Materials 2022, 2022. 10. 13, —f%

Self-healing lamellar organosiloxane-block copolymer thin films
The 8th Asian Silicon Symposium (ASiS8), 2022. 10. 28, —#%

Preparation of Organosiloxane Elastomers with Ordered Nanopores
The 8th Asian Silicon Symposium (ASiS8), 2022. 10. 28, —#%

Controlled Synthesis of Ordered Nanoporous Organosiloxane Materials with Unique Structures
The 8th Asian Silicon Symposium (ASiS8), 2022. 10. 30, #A#¢
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Design of Nanostructured Siloxane-based Materials with Self-healing Functions
Japan-US Workshop on Organic/Inorganic Hybrid Materials, 2022. 11. 30, #i£#
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Controlled Synthesis of Ordered Organosiloxane Materials
International Symposium on Chemistry & the 2 KYUTECH-KKU International Symposium, 2022. 12. 09, #A£#

Synthesis of Cross-Linked Networks Composed of Anionic Cage Germoxanes and Various Counter Organoammonium Cations
'The 5th International Conference on Nanospace Materials (ICNM2022), 2022.12. 12, —#%

Preparation of stannosilicates by grafting organotin species on layered silicate
'The 5th International Conference on Nanospace Materials (ICNM2022), 2022.12. 12, —#%

Crystallization of Silicalite-1 within the Three-dimensionally Ordered Nanoporous Cobalt Oxides
The 5th International Conference on Nanospace Materials (ICNM2022), 2022.12. 13, —#i%

Design of Layered Organosiloxane Films with a Crack Healing Ability
'The 5th International Conference on Nanospace Materials (ICNM2022), 2022. 12. 13, 8¢

FERRAFAE T CHR L AR R b~ v 7y 0k 7 v 54 RSO E A
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Hydrothermal Synthesis of Mesoporous Zeolites using Three-Dimensionally Ordered Nanoporous Cobalt Oxides as Scaffolds
5th Euro-Asia Zeolite Conference, 2023. 02. 06, —#%

Synthesis of titanium-containing siloxane-based catalysts using cage siloxane; porous materials and model compounds

5th Euro-Asia Zeolite Conference, 2023. 02. 06, —f%

Synthesis of silicalite-1 inside ordered nanoporous metal oxides

5th Euro-Asia Zeolite Conference, 2023. 02. 06, —f%
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Surface modification of hexaniobate nanosheets with MoC nanoparticles toward photocatalytic application

B ARGER S 2022FEFFRE GR120M#HE K %), 2022.5.25, —#

Eftect of lateral size on surfactant behavior of Janus nanosheets prepared from layered hexaniobate via regioselective interlayer surface
modification

BimRGEw S 20220 AT RS GB120MEHE K %), 2022.5.25, —f

Hybrid materials based on TiS, and graphene oxide (GO) nanosheets for possible electrochemical applications
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Preparation of organically-modified nanosheets and their functions
11th Jilin-Korea-Waseda Alliance Annual Symposium, 2022. 8. 12, Invited
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HARES I v 7 AT SER  20224E 0802 3 F—, 2022.11.16, BfF

A & TG A ORI BT RIS T 7 = > DL
E RS AL MR R I E R R S, 20221117, —#%

Preparation of Janus-type Surface-modified Niobate Nanosheets
International Conference on Materials Science and Engineering, 2022. 12. 8, Invited

Preparation of Janus-type Surface-modified Niobate Nanosheets
WPI-MANA International Symposium 2022 - Frontier of Materials Nanoarchitectonics -, 2022. 12. 9, Invited

VF 7 LA F ABEPERY v — &7 7)) v FEREMRE O/
AARYS Iy 27 AWME $6lalt T 3 v 7 AEMEERES, 2023.1.7, —f

Preparation of functional nanosheets via controlled interlayer surface modification and subsequent exfoliation
47th International Conference & Exposition on Advanced Ceramics & Composites (ICACC2023), 2023. 1. 25, general

=FTWF /¥ — b ORMEHMHM OBRTE & BEREAM B~ B
BRI TR AR R TR A MY VR T Y A (R, 7 MR ORISR X 258 EEIH ], 2023.3.
15, #BfF

BHRITEEMWPNA LomaF 2 RIEEM L7270V 3 FF 7 KRN OBE g Ic 5z % 2%
HAb%&  HI03FEFFR, 2023.3.22, —f

L/ = W T S 2 ]

225 | L7l A 7 > L A58 O WA BT 2 M TR
SETIMBYEIN T A S, 2022/11/18. —f%

AHEH SbEA Ni i Bk fh 8 & 4 TMS-238 CaO % DI ZERIC X 2 it e bk
HEOOMIH AN A ¥ — ¥ vipey wlilikis, 2022/10/12. —#%

15GPaflBERE L~V 7 > A MRANDKRFERAIZ L K1 PR
202245 45 9 [l ZATIKEN Festa, 2022/10/6. —#%




Effect of Ca addition on the oxidation resistance of Ni-base superalloys
EuroSuperalloys 2022, 2022/9/20. —#%

Stabilization Mechanism of Aluminum Foam with Arrays of Primary Crystals and Cell Wall Structure
CellMAT2022, 2022/10/13. —#%

Predicting formation of deformation band via path search in porous metals with unidirectional pores
CellMAT2022, 2022/10/13. — %

Hetero-3D i~ 7 T B EZ TiC VRN TiOAI4V # B #7E IH G BREUR 0 3 IRITHS ok 04 D R ]
IR ARMACER H ML TRy —J8&K%, 2022/9/17. —f

HOGXHRAT %2 H 72 RSB O in-situ 35 R B0 58 0 2575 2 R T
BB AR A 707 I T 4 InHEEs FkES, 2022/9/15. —#

ISS v — UAREGN E BRI BT 2 BHAREE D A & Ji v 72 T 3R AT Tk
HE~A 70777 1nH%e $3a0AagEs JASMAC-34), 2022/9/15. —#%

Hetero-3D O ¥ & iFilE BRI B 1T 5 IS ASTi6AAV o~ 7 1 B [EA% TiC 1 J 13§55
AR~YA 70755 4 nfl%Ees E3AREMTHES, 2022/9/14. EIE  —#%

Hetero-3D F TiC i Ti6Al4V W &R0 384 % Bl 3 % 3R
AR~A 70755 4 nfl%Ees E3AREMTH#ES, 2022/9/14. BHE —#k

37— Vit 2R AL O AL AR B E
AR~YA 70755 4 nfl%Ees $E3AREMTH#E S, 2022/9/14. BUHE  —#%

ISS 12 BUF % Soret R % FUHI L 72915 B AR 250 2 O SFHT T2 00 4% FE 54
AR~YA 70755 4 nl%Ees E3AREMTH#E S, 2022/9/14. EEIE  —#%

AT OB X 5 SR EEE R~ OREFEN 2 HW & L72ISS-ELF FIJHZEE  Hetero-3D
HAR~A 70787 4 I0H%S E34nEMRS, 2022/9/14. —#k

Establishment of prediction formulas for impurity diffusion coefficients in liquid metals
18" Conference on Diffusion in Solids and Liquids - DSL, 2022, 2022/06/30. 1A%

Velocity of the solution tolerated to accurately measure Soret coefficients
18" Conference on Diffusion in Solids and Liquids - DSL 2022, 2022/06/30. —

FILT IV I = AEERIC BT B e VEED R EL T T & A D fFEI
B&EYS Bl42RFRMKRS, 2022/5/28. —#%

HEEILZATHE—F ATV I = A G EOEEEMHEEIC BT 5 ERIS D ZE R OfEH
B&ESYS Bl42MFRMKS, 2022/5/28. —%

WER £l ik

Y. Tabe
“Rotation of Chiral LC Droplets Embedded in Lipid Monolayers Driven by Gas Flow”
28" International Liquid Crystal Conference, online, July 24-29, 2022 (Invited)

Y. Tabe
“Rigid Rotation of Cholesteric Droplets Coexisting with Their Isotropic Phase Driven by Thermomechanical Coupling”
OLC2021 Satellite Workshop 2022, Okinawa, September 25-30, 2022 (Invited)

Y. Tabe

“Rigid-body Rotation of Cholesteric Droplets Driven by Heat Flux”

25" Anniversary Symposium of German-Japanese Joint Research Project on Nonequilibrium Statistical Physics Perspectives for
Future Collaboration, Kyoto, October 12-14, 2022 (Invited)

WSHH R, 2l
“nCB-EBBA {RA WS I BT 5 Mtk p Al s Bk RE"
HA SRS Ra e, v T4 >, 202249 A14H, FEEZH




10/ = W L E B

Zroo Pty BT B WD S D I 5 ZATHRAR T O [T &2 AL
HAREIRAE #1720 EM#E K S, 2023.3.7

i Pt 2 N U 72 Ze-Cu )& 77 7 A O MRS SR IR & Rt &
HASIRY S BIT2M M #E RS, 2023.3.7

HHHEEREIC L 2R N L1FePd/ 7T 7 = Y JHAIZ BT 5 XAS B L UXMCD A7 b IV OFER
SIS L BFREE &, 2022.9.21

LG R Y YT =2 oY ¥ 7D I T A DOREERRT ORI
SETOMIG B AEE S, 2023.3.16

Medium-range order in amorphous materials
Hierarchical Structure of Materials 2023, 2023. 3. 17, 441

Local structural change during glass formation of a ZrgPty, alloy
Hierarchical Structure of Materials 2023, 2023. 3. 17

Quasicrystal formation and local structures of a Zr;CuyPt; metallic glass
Hierarchical Structure of Materials 2023, 2023. 3. 17

Effects of interatomic potentials on glass formation
Hierarchical Structure of Materials 2023, 2023. 3. 17

Nanoscale structural inhomogeneity of amorphous Li,Si,0;
Hierarchical Structure of Materials 2023, 2023. 3. 17

WER MJF EE

Fatigue properties and fatigue life prediction of Carbon Fiber Reinforced Foam
International Conference on Materials & Processing 2022 (ICM&P2022),2022.11. 8, —fi%

Fatigue limit evaluation of 90° unidirectional CFRP laminates in very high-cycle fatigue and free volume measurement of matrix
using positron microscopy

International Conference on Materials & Processing 2022 (ICM&P2022),2022. 11. 8, —#%

Stress and energy release rate analysis of cross-ply laminates with transverse cracks in ultrasonic fatigue test
17th Asia-Pacific Conference on Failure and Strength and 13th Conference on Structural Integrity and Failure (APCFS&SIF2022),
2022.12.7, — %

Suppression of persistent slip band growth in polycrystalline copper by applying high-density electropulsing and its evaluation
17th Asia-Pacific Conference on Failure and Strength and 13th Conference on Structural Integrity and Failure (APCFS&SIF2022),
2022.12.6, —f%

Evaluation of fatigue crack closure phenomena in steel by applying high-density pulse current
17th Asia-Pacific Conference on Failure and Strength and 13th Conference on Structural Integrity and Failure (APCFS&SIF2022),
2022.12.6, —f&

Trial of a spinning method to control the cross-sectional shape and investigation of dimensional effects of carbon nanotube yarns
Proceedings of 25th International Conference on Composite Structures, 2022. 7. 19, —fi%

Effect of nanostructures fabricated on aluminum alloy on mode I fracture toughness in dissimilar joints of carbon fiber reinforced
thermoplastics and aluminum alloy
Proceedings of 25th International Conference on Composite Structures, 2022. 7. 19, —#i%

RS0 T D BRI 51T 2 750 R TIOR8
HARBEM AR BIRSER 88200 %, 2023.3.17, —#&

T BRI 1S & o TR S 7z SiC/SIC AR R PR AR 1% I OSBRI ¢ 12 0 ZFAlf
SE14M H ARG AR JCCM-14) 2023.3.14, —i%

FIRIE 2 CNT S O FFBUC 11 72 CNT DR §i4e P K OSBRI A5 PEF
4140 A ABLE M R& % (JCCM-14) 2023.3.14, —f%




MXene & BNNSF/ ¥ — b CF—¥ > 7 L% 4P (VDF-CTFE)/ PVDF F / 2 > K Y v Moo ki a v 7
140 H A G B & (JCCM-14) 2023.3.14, —fi%

STEHFEY I 2L —3 3 X B CNTRMEIH A 7 = X 2 O
FE14M H AR AW R JCCM-14) 2023.3.14, —#%

JEAEEDLAE ST CFRPATE D 3 kM G5 AP S35 S R R A / VS 0 52 O RT-AM
140 H A G H R (JCCM-14) 2023.3.14, —fi%

R KR S 72 Pk CFRP R OWRIE = 2 — 7V h v b7 — 712 & 29857 77t 7l
1400 H A A B2k (JCCM-14) 2023.3.14, —#i%

BERRIE) 2 B L 72 JRUTIC X % SR 0 8 T AR PR ATl k O 5
66th FRP CON-EX 2022, 2022.10.13, —f#%

AL X 2 2505k CNT SR s B AL IS LT 7251 Y~ — Ot
66th FRP CON-EX 2022, 2022.10.13, —f

KB b Sttt % Fl 72— 7510 CFRP OB I IERR R R E & 2D X = A 4
66th FRP CON-EX 2022, 2022.10.13, —fi%

PEEK 35 & O PTFE #{ A K O i B A Rl
20224F-B% 459 I ZAIKEN 7 = A 4, 2022.10.6, —#i%

JEA CFRPRUEAR D 3 x5 57 45 PR RTAll S OV x 7 = X 2 iRl
20224F B 45 9 M ZATKEN 7 = A ¥, 2022.10.6, —#i%

LSOV ATETREIING & 2 [EIBAS 0 5 R D Il & & o R
20224F 2 59 ZAIKEN 7 = 2 %, 2022.10.6, —fi&

T 57 AR X 5 CFRPIERRE G OBt A 27 V9 557K o F-AM
HAM B2 #3BEES S v R Tw A, 2022.10.20, —#

CFRP D5 H R OME T A 2 VIS BT 2 E 578 R A H GO & 70Tl
HARBEMW S M&M 2022 #EI%A0 7 7 L v A, 2022.9.26, —#i%

MR M EE

T. Yanagitani
“GHz frequency switchable BAW filter applications of ferroelectric ScAIN and MgZnO thin films”
2022 US-Japan Seminar on Dielectric and Piezoelectric Ceramics

S. Kuninobu, N. Ishi and T. Yanagitani
“Bulk ScAIN Plate Ultrasonic Transducer in the 10 MHz Range”

2022 US-Japan Seminar on Dielectric and Piezoelectric Ceramics

K. Nakamura, Y. Koike, Y. Sato and T. Yanagitani
“Fingerprint imaging using GHz PbTiO; epitaxial thin film ultrasonic transducer”
2022 US-Japan Seminar on Dielectric and Piezoelectric Ceramics

Y. Shimizu and T. Yanagitani
“Mechanical Q factor extraction of sputter-grown Pb (Zr,Ti,,) O; epitaxial thin films without removing substrate”
2022 US-Japan Seminar on Dielectric and Piezoelectric Ceramics

Y. Shimizu and T. Yanagitani
“Evaluation of mechanical Q factor of sputter-grown Pb (Zr,Ti,,) Oj epitaxial films without removing substrate”
IEEE IUS 2022

Y. Shimizu and T. Yanagitani
“Fabrication of high &% and #45% Sco,AlygN thin films by RF magnetron sputtering”
IEEE TUS 2022

S.Kudo and T. Yanagitani
“Sputter epitaxial (1012) LiNbO; film / (1120) AZO / (1012) Al20, shear mode thin film resonators”
IEEE IUS 2022




S. Kudo, K. Ekida, J. Jia and T. Yanagitani
“IBAD c-axis parallel ZnO piezoelectric film stack? for gyroscope applications”
IEEE IUS 2022

S.14,]. Jia, N. Iwata and T. Yanagitani
“Experimental and theoretical investigation of enhanced electromechanical properties in YbAIN and YbGaN films”
IEEE TUS 2022

N. Ishii, S. Kobayashi and T. Yanagitani
“GHz electromechanical coupling hysteresis curves for ferroelectric”
IEEE TUS 2022

N. Ishii and T. Yanagitani
“Polarization inverted 2 layer ScAIN thin film resonator fabricated by applying external electric field”
IEEE IUS 2022

Y. Koike, Y. Sato and T. Yanagitani

“Epitaxial PbTiO; ultrasonic transducer for higher resolution of fingerprint imaging using GHz reflectometry of back side of
substrate”

IEEE TUS 2022

Y. Koike, R. Seki and T. Yanagitani
“A piezoelectric gyroscope with tilted c-axis SCAIN thin-films”
IEEE TUS 2022

S. Shibata, K. Izumi and T. Yanagitani
“Transversal type BAW filter based on polarization-inverted ScAIN multilayers”
IEEE TUS 2022

S. Shibata and T. Yanagitani
“Power Durability Evaluation of Higher-order Mode Polarization-inverted ScAIN Thin Film Resonators”
IEEE TUS 2022

S.Tokai and T. Yanagitani
“Fabrication of epitaxial piezoelectric layer on acoustic Bragg reflector using epitaxial sacrificial layer”

IEEE TUS 2022

Y. Shimano, S. Takayanagi and T. Yanagitani
“Grow of O-polar and Zn polar ferroelectric MgZnO thin films controlled by sputtering geometry”
IEEE TUS 2022

Y. Shimano, H. Kishi, S. Kudo and T. Yanagitani
“Quasi-shear mode electromechanical coupling coefficient of c-axis tilted MgZnO thin films”

IEEE IUS 2022

M. Suzuki, N. Ishii, K. Kondo, and T. Yanagitani
“A method for evaluating sole mechanical properties of acoustic Bragg reflector by pulse echo technique in the GHz range”
IEEE IUS 2022

M. Suzuki, Y. Shimizu and T. Yanagitani
“Extracting Q factor of the piezoelectric thin films from film/high-Q substrate HBAR structure”
IEEE IUS 2022

K. Nakamura, S. Kudo and T. Yanagitani
“Improvement of electromechanical coupling coefficient of piezoelectric LiNbOj; by doping praseodymium”

IEEE TUS 2022

S. Kudo, S. Tokai and T. Yanagitani
“Epitaxial piezoelectric layer SMR fabricated using epitaxial sacrificial layer process”

IEEE IC-MAM 2022

S.Kudo and T. Yanagitani
“Thickness shear mode epitaxial (1012) LiNbO; (1120) AZO / (1012) Al20, BAW resonator”
IEEE IC-MAM 2022

N. Ishii, and T. Yanagitani
“A method to evaluate the mechanical transmission loss of the sole Bragg reflector by using GHz pulse echo technique”

IEEE IC-MAM 2022




Y. Koike, and T. Yanagitani
“Fingerprint imaging in GHz using PbT10; epitaxial piezoelectric thin films”
IEEE IC-MAM 2022

AIEE, WA
[h? hysteresis curve of ferroelectric ScAIN thin film |
The 43rd Symposium on UltraSonic Electronics (USE2022)

TREEE, WakEZ
[ Thickness shear mode BAW resonator based on epitaxial (10-12) LiNbO, (11-20) AZO/(10-12) Al20,]
The 43rd Symposium on UltraSonic Electronics (USE2022)

BORE, WIREEE
[ Quasi-shear mode excitation of c-axis tilted MgZnO epitaxial thin film |
The 43rd Symposium on UltraSenic Electronics (USE2022)

gooREEm, AIFENE, TEEEEK WIRREE
[ Extraction of mechanical reflectance of acoustic Bragg reflector by GHz pulse echo technique ]
The 43rd Symposium on UltraSonic Electronics (USE2022)

HARME, WARkZ
[ Mechanical Q factor dependence on Zr/Ti ratio of sputter-grown PZT epitaxial thin films |
The 43rd Symposium on UltraSonic Electronics (USE2022)
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EUTRERE, B OKHE, LR, MiaRE
[ ERE MgZnO BB 3505 5 SR B3 |
HAE #5148

ORE, WkEZ
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WFgEE I

i FEA D Fe-Cu-C, Fe-Pb-C, Fe-Ag-C, Ni-Ag-CHRD 3 #EICB1T 2 Rh, Pd, Pt, AudSrHc2ém)
B - #rs B - EM 2022FF K%, 2022.3.9, — K

B L 2BHEE—NS5DOL 77— AD L
BB T4y SB140MI BT 2%, 2022.6.3, —#%

EVE—4 2oL 77 —A, #, SO - MU $ % R0
BRI TS B140M Pk, 2022.6.3, BHRA Y —H, —i#f

SRR F 712 B 1S 5 Albite DERIZEE) & 5B AL
YR - FM s IR - BB 2022 (RR), 2022.9.7, —#&

Sm,04-B,Os it —JCRIRERNC T DO W~ ) A a3V MEAD ) A 7 )L
BIR - FMEs IR - F6 2022 (@), 2022.9.6, —#%

1723 K2 B1F % ALO,-CaO-Si0,-MgO R A 7 7 & Pd-Ag B & ' Pt-Ag &M O Vif & 2 5 7D Pd B X O PtOE#IE
i
BWR - EMeEs W - R/ 2022 (F8R), 2022.9.6, —#

CaCO,; & H\ 7= SiCHL T 4 — ¥R 7 1 V7 — Db & ALO;-CaO-Si0, 2 A 7 7 DA K
B - FMs W - FM 2022 (FER), 2022.9.6, —fk

TG-DTA I & % Li,SO,-NiSO, & 8 & O Li,SO,-Li,PO, RIREEX D P
BWIR - FMs W - FM 2022 (FER), 2022.9.6, —fik

Si0,-CaO-CrO, R X 7 7 L S O v w7 A O 4 F %8
IR - FMES &I - FEM 2022 (FRR), 2022.9.6, —f#%

RFEGHT T AF v 7 2 T80 5 2 T O BACHIFE 5B
BWIR - FMs W - FM 2022 (RER), 2022.9.6, —fik

Phase Diagram of FeO,-S5i0,-Cr,O; slag system at 1573 K
EARTH 2022,2022.10. 31, —#i%

Fundamental study on recovery of rare earth elements, iron and copper from EV motors by using the Nd,O;-BaB,O; slag and liquid

phase separation of Fe-Cu-C system
EARTH 2022, 2022.10. 31, —#%

The liquid phase equilibria between the FeOx-CaO-SiO, slag, AgBr and Ag at 1473 K
EARTH 2022, 2022.10. 31, —#%

Recovery of Palladium and Platinum Particles Suspended in the ALO,-CaO-SiO, Slag Using Copper-based Extractants at 1723 K
Copper 2022, 2022. 11. 15, —#i%

Recycling of rare-earth metals from motor magnets for electric vehicles

CRMs: 14th Conference on Critical Materials and Minerals Technical experts meeting, 2022. 11. 14, ¢

Recovery Process of Rare Earth Metals from Motor Magnets for Electric Vehicles
10th Annual Japan-U.S. Bilateral Meeting on Rare Metals, 2023. 3. 2, i1+
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T. Yamamoto, M. Subhoni, U. Zafari, M. Sagayama, M. G. Brik
Experimental and theoretical investigations of local environment of Mn ions in red phosphors
E-MRS Fall Meeting 2022, Sep. 2022 (Invited speech)

T. Yamamoto
Local environment of emission center ions in phosphor materials
6" International Symposion on Frontiers in Materials Science, Nov. 2022 (Invited speech)

F. Samejima, N. Ogi, T. Yamamoto
Influence of co-dopings of alkaline metal ions in Er-doped CaSnOj on its up-conversion emission intensity
6" International Symposion on Frontiers in Materials Science, Nov. 2022

R. Oonaga, N. Shibayama, M. Tkegami, T. Miyasaka, Y, Miyazawa, D. Kobayashi, K. Hirose, T. Yamamoto
Stabilization of a-FAPbI, by addition of dopamine hydrochloride
6" International Symposion on Frontiers in Materials Science, Nov. 2022

K. Midorikawa, S. Hiromoto, T. Yamamoto
Corrosion evaluation of carbonate apatite-coated pure magnesium by electrochemical measurement
6" International Symposion on Frontiers in Materials Science, Nov. 2022

fRIEHR, WARRZ, EARET
B B RIREHBORIRT 78 4 DB Mg O FELALFHE IS X 2 it f Pk Fif
HARGESS 202248 Pk RS 202246 9 A

K. Utsugi, M. Kubo, H. C. Nguyen, M. G. Brik and T. Yamamoto
Estimation of the Geometrical and Electronic Structures of Zircon-type materials using Machine Learning

32 HAMRSEKRS 20224E12H

M. Ikematsu, K. Utsugi, G. Sato, H. C. Nguyen, and T. Yamamoto

Estimation of the Mechanical Properties of High Entropy Alloys using Machine Learning
#5320 H AMRS4ER K% 20224F12H

S. L, S. Tsukazaki, R. Kunii and T. Yamamoto
First-principles molecular dynamics simulations of cation mixed organic-inorganic lead halide perovskites

320 HAMRSAERRE 2022412 )]

K. Zhang, T. Amma, S. Tsukazaki, R. Kunii and T. Yamamoto
Stabilization of a-FAPbI, by cation substitution
8532 H A MRS AR Sy 20224121
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ILEFIH - FEAFFEILA Joint Usage / Research Center BE%
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Fig.1 (a) Dark-field TEM image of as-milled Li,GeO,, (b)

bright-field TEM image of as-milled Li;Geg5S:20;,
(c) dark-field TEM image of Li,GeO, HT 250C,
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(b} 250°C

Fig.2 Dark-field TEM images (top) and the corresponding
electron diffraction patterns (bottom) measured in the
same area of samples of LizGe)sS0,0, heated at (a)

150C, (b) 250C, (c) 350, and (d) 450C.
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Nguyen Hai Chau

Machine learning based prediction of mechanical and physical properties for the

development of prolonged service life materials

Aim of the research project

Classical strategies to design new materials are often trial-
and-error based and require a large number of experiments and
simulations. Thus, the strategies are time consuming and costly. In
recent years, new methods, namely machine learning, are combined
with orthodox methods in materials science, such as quantum
chemical and first principle calculations to speed up and reduce
cost of material discovery process, and data of already discovered
materials. In this project, we aim to use the machine learning
methods to predict mechanical and physical properties such as
hardness and yield strength of high-entropy alloys as prolonged
service life materials. This research’s potential contributions include
collecting and enrichment of high-entropy alloys databases with
the mentioned properties, and building machine learning prediction

models for hardness/yield strength of high-entropy alloys.

Contents and results of the research

In the “Machine learning based prediction of mechanical and
physical properties for the development of prolonged service
life materials” project, we successfully applied ML techniques
to predict mechanical properties [1] and structures of materials
including HEAs [2]. Conducting statistical analysis of a HEAs
yield strength and phase database [3], we found that there are
strong linear relations of derived HEAs yield strength and
proportion of added elements [4]. Based on this observation, we
proposed a new approach to transform and resample the database,
then built an explanable linear model and a prediction model.

The linear model has a modest coefficient of determination
(R*=0.55), but it is better than if it is built on the original
database (R*=0.42). All coefficients of predictors of the linear
model (valence electron concentration VEC, electronegativity
difference Ay, atomic size difference J, mixing entropy AS,;, and
mixing enthalpy AH,,;,) are statistically significant. The model
explains that when a HEA H, is derived from a HEA H,, change
of yield strength of H, with reference to A, will be proportional
with change of Ayand AS,,, and negatively proportional with
change of VEC, 6, and AH,,;, [4].

On the transformed and resampled database, we built a
prediction model M; using an automatic machine learning
framework namely AutoGluon and compared its performance

with another prediction model M, [5]. M, is also built using

AutoGluon but on the original database. Comparison shows that
cross-validation R of M, is 0.85, and that of M, is 0.76 [4].
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Design of the stable light absorption layer for inorganic perovskite solar cell

Aim of the research project

Lead-halide perovskites have attracted great attention these
days due to their potential applications for the light absorption
layers of the next generation solar cells and for light emitting
devices. There are some stable polymorphs depending upon
the temperature in the lead-halide perovskites, i.e., a-, o-
and y-phases. Among them, a- and y-phases with cubic and
orthorhombic structured perovskites, respectively, have good
optical property for the above applications, while d-phase
with orthorhombic non-perovskite structure is not suitable for
such purpose. Some of them crystallizes in d-phase at ambient
condition, e.g., CsPbl;, though such materials with a- or
g-phases are quite good for solar cells. Hence, a lot of attempts
have been done to stabilize the a- and/or y- phases at room
temperature by anion and cation mixings. In the current study,
influence of cation and anion mixings on the phase stability and
on the electronic structures of the lead-halide perovskites are
investigated by using the first-principles calculations within a
density functional theory (DFT) level, which will be applied
to the development of new stable and efficient light absorbing

materials for the next generation solar cells.

Contents and results of the research

We have performed first-principles calculations for a series of
CsBX;, where B is a mixture of Pb and Sn and X is a mixture
of Cl, Br and I, to investigate phase stabilities and electronic
structures. These calculations are not limited to the organic
perovskites, but those for organic-inorganic hybrid perovskites
are performed, in which MA (methyl-ammonium ion) and FA
(form amidine ion) are chosen for A site cation instead of and
mixture of Cs.

Purpose of the current calculations is to find the stable
perovskites with desired optical property under operating
condition of the solar cells. Then we focused on the following
two points, i.e., 1) free energy at finite temperature, and 2 )

electronic density of states.

1) Free energy at finite temperature
The total electronic energy calculated by the first principles

calculations can provide us the phase stability of the perovskites

only at 0 K. Combining the static first-principles calculations
with direct method to calculate phonon density of states, we
can obtain Helmholtz free energy at finite temperature, which
enables us to examine phase stability of the perovskites. We
have calculated free energy for a series of inorganic cesium
halide perovskites using vasp with a conventional GGA-PBE
functional for electron-electron correlation and phonopy code to
obtain phonon density of states. CsPbl; crystallizes in d-phase
at room-temperature, which is not photo-active for visible light,
and transforms to the cubic structured photo-active a-phase
beyond approx. 600 K. Our current calculations indicate that
the free energy of the a-phase becomes lower beyond 490 K. At
this stage, the phase transition temperature is still lower than
experiments, other electron-electron correlation functionals are

under testing to show better agreements with experiments.

2) Electronic density of states

For the solar cell applications, it is desired to have suitable
photo-absorption ability in the light absorbing layer, here
perovskites, of the solar cells. To evaluate such ability, one
important parameter is an electronic band gap, which can be
obtained from the results of the first-principles calculations. We
have performed band structure calculations for a series of Cs
halide perovskites, say CsBX;, where B=Pb, Sn and Ge, and
X=Cl, Br and I. In addition, anion mixed models were also

constructed, whose band gaps were also calculated.

Combining the calculated results of phase stability and
band gap, we have searched the suitable photo-absorbing layer
perovskites and started synthesis of the recommended materials
with spin coating method, which are in progress in the research

group of Professor Yamamoto in Waseda University.

Outputs of the project (publications, presentations, patents)
Presentation & Proceedings:

Umar Zafari, Mehrdod Subhoni, Farhod Rahimi and Tomoyuki
Yamamoto, Proceedings of the international conference “The
role of physics in the development of science, education and
innovation”, TNU, Dushanbe, 10/27/2022.

—105—



Project No. 02214  Grant No. JPMXP0621467974
Tajik National University, Republic of Tajikistan ~ Professor

Tagoimurod Kh. Solekhov

Development of efficient sustainable phosphor materials with the aid of quantum chemical calculations

Aim of the research project

The white light-emitting diode (w-LED) has been recognized
as one of the energy efficient technologies. Rare-earth doped
nitrides, oxides and fluorides with large band-gaps have been
applied for the red luminescence center in the w-LED. As rare-
earth ions are limited and expensive, rare-earth free phosphors
are demanding nowadays to stabilize supply of the efficient
phosphors for the use of w-LED. Mn doped nitrides, oxides
and fluorides are one of the rare-earth free red phosphors. In
the current research, we focus on the search of the efficient red-
emitting phosphors by doping with Mn ions in nitrides, oxides
and fluorides. For this purpose, various kinds of materials with
efficient red-emitting property without rare-earth ions are
synthesized and cutting-edge first principles calculations are
carried out to study electronic and geometrical structures of the
materials. At Waseda collaborating with professor Yamamoto,
advanced analyses such as X-ray diffraction, SEM-EDX, AES,
XPS, UV-Vis, PL, ESR will be performed.

Contents and results of the research

In the current project, we would like to synthesize various
kinds of matrix materials and perform a series of analyses, i.e.,
X-ray diffraction for structure analysis, UV-Vis for electronic
structure analysis, photoluminescence (PL) analysis, to search
efficient Mn-doped red-emitting phosphors without any rare-
earth jons.

At first, we have studied the influence of additional co-
dopings of divalent ions on the photoluminescence of Mn-
doped CaAl;;O, [1]. Samples were synthesized by a research
group of Prof. Yamamoto using the solid-state reaction method.
Their Crystal structures were examined by the XRD and optical
properties, such as photoluminescence and photoabsorption,
were observed. To study local environment of Mn ions, electron
spin resonance (ESR) was also measured. The PL intensities of
Mg and Zn coped ones are three time stronger than Mn mono-
doped CaAl;,044, while Cd and Sr codopings did not show such

extensive enhancement.

In addition to the above experiments, we have performed the
first principles calculations for the Mn-doped CaAl;,O,9 with
additional codopings of divalent ions such as Mg®, Zn*, Sr**
and Cd”, using the Vienna Ab-initio Simulation Package, vasp,
within a density functional theory level. Prior to the calculations
of divalent ion co-doped models, most preferable substitution
site for Mn in CaAl;;Oy9 was examined in Mn mono-doped
one. After the confirmation, Mn is doped at one of the distorted
octahedron site, Al (2), and the divalent ion was doped at all
the possible Al sites. From the results of total electronic energies,
the most preferable substitution sites for the additionally doped
divalent ions were determined. In these codoped models, we
focused upon change in local environment of Mn ion due to
the divalent ions codopings. This is because ESR measurements
suggested significant change in local environment of Mn ions
due to the doping of Mg® and Zn*, while only slight change
was seen in the case of St and Cd* codopings. ESR is quite
sensitive to change in local environment of the ion of interest,
here Mn*, then the current ESR results suggest that Mg” and
Zn* codopings influence much on the local environment of
Mn" ion, but just slight effect has been applied by S+** and Cd*
codopings. From the results of the first principles calculations,

these local environment changes were confirmed in an atomic

scale.

[1] U. Zafari, M. Sagayama, M. Subhoni A. M. Srivastava, W.
W. Beers, W. Cohen, C.-G. Ma, M. Piasecki, M. G. Brik, T.
Yamamoto, Opt. Matter: X16 (2022) 100197. https://doi.
org/10.1016/j.0mx.2022.100197

Outputs of the project (publications, presentations, patents)

Publication

[1] U. Zafari, M. Sagayama, M. Subhoni A. M. Srivastava, W.
W. Beers, W. Cohen, C.-G. Ma, M. Piasecki, M. G. Brik, T.
Yamamoto, Opt. Matter: X16 (2022) 100197. https://doi.
org/10.1016/j.0mx.2022.100197
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Study on the local structure around dilute dopants in optical materials

Aim of the research project

The advanced optical materials have gained great attentions
to realize sustainable societies. To get efficient optical materials,
a doping technique is often employed. To understand their
efficiency of light emission and absorption mechanisms, it
is essential to know the geometric and electronic structures.
In particular, local structure around dopants is of paramount
importance for enhancement of the phosphors’ brightness.
The main aim of the proposed research is to understand
the mechanisms of the emission enhancement of the Mn"'-
doped phosphors and photon up-conversion in the rare-
earth ions doped materials. These topics are now extremely
actively studied by many research groups worldwide, which is
explained by numerous practical applications of these materials
for solid state lighting, photovoltaics, agriculture etc. Despite
high research activity in this field, the mechanisms underlying
these phenomena have not yet been understood with strong
experimental and theoretical evidences. In the present joint
research with Prof. Yamamoto, we would like to focus on the
experimental and theoretical studies of the Mn"* -doped (and
co-doped with other cations) phosphor materials and rare-
earth ions doped oxide powders, which will include the X-ray
diffraction, UV-Vis, photoluminescence, ESR measurements and
theoretical density functional theory (DFT)-based calculations

to understand the local structure effects on the optical properties.

Contents and results of the research

1. Several series of Mn" doped double perovskites (La;MgMO,
M="Ti, Sn, Zr, Hf) were synthesized. Influence of chemical
composition on the Mn*-emission spectra was studied. The
samples were characterized by the X-ray diffraction (XRD)
and optical spectroscopy methods.

2. The ABO, (4=Ca, Sr, Ba, B=Mo, W) samples doped
with the Er* ions were synthesized and their upconversion
properties were studied.

3. First-principles calculations of the Na’ and Er* energy
levels in CaSnO; were performed.

4. The hybrid organic-inorganic perovskite materials were
synthesized and their photovoltaic properties were studied.

5. Machine-learning methods were applied to identify
correlations between the structural and electronic properties

of large classes of isostructural materials; this is a very

popular topic of modern research and these works will be
actively continued.

6. First-principles calculations of the structural, electronic,
elastic properties of the Mn*-doped phosphor materials
were continued. The most important parameters, such as
the energy of the “E-'A, emission transition and the crystal
field strength were calculated. This is important for a deeper
understanding of red phosphors performance.

7. A visit to Prof. T. Yamamoto laboratory was arranged
between January 16 and 27, 2023. Several meetings
with Prof. T. Yamamoto group members were organized,
where the students presented their recent results. Active
discussions were held; the plans for publications of those
results and for the future research were outlined. Prof. M.G.
Brik also presented a tutorial lecture “Electronic properties
of transition metal and rare earth ions”. The visit was very
fruitful for the development of joint research plans.

8. An online meeting for the joint research at ZAIKEN,
Waseda University was held on March 3, 2022. Prof.
M.G. Brik gave a presentation entitled “Mn* -doped red
phosphors for white LED: first-principles calculations”.

9. Active cooperation with the research groups from the USA,
Poland, China and Tajikistan was strengthened further
during this project implementation.

10. Comparing the initial plan of our activities with the
summary of the obtained results, we conclude that the

expected objectives of the project were achieved.

Outputs of the project (publications, presentations, patents)
An invited talk: “Experimental and theoretical investigations of
local environment of Mn ions in red phosphors” (Tomoyuki
Yamamoto, Mekhrdod Subhoni, Umar Zafari, Musashi Sagayama,
Mikhail G. Brik), presented at the EMRS Fall Meeting,
Warsaw, Poland, September 19-22, 2022. (A paper based on this
presentation has been recently accepted by Physica Status Solidi
B).

A paper: “Influence of co-doping of divalent ions on the
photoluminescence intensity of Mn" doped CaAl;0,y" (Umar
Zafari, Musashi Sagayama, Mekhrdod Subhoni, Alok M.
Srivastava, William W. Beers, William E. Cohen, Chong-Geng
Ma, Michal Piasecki, Mikhail G. Brik, Tomoyuki Yamamoto),
Optical Materials X 16 (2022) 100197.
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