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Low temperature ammonia synthesis over iron catalyst with BaH»
by OMichikazu HARA
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Development of new evaluation method for quantum states in electron-phonon coupled system
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Fabrication of Cu,O films below 100°C by novel wet processes
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1. BARE®

R ksl (CwO) IXTMEN DM ThH BN p AEEREZ RT 2 0, N AU, HRAEY
. KB Eiix 2B IS S, ITFEER ZED TV D, TRBISHIE—KIZ Cw0 245 2 &
DSAHE & 72 203, PERDBIETATIE CuO <° Cu(OH), 72 E O AHIFEA LR LT <, BAHO CwO % 1E
WF DNV, FMBITHRBEERE TSR T, &K TS 200CLL HIZMETH Y FERA~DF X —Tn
REWZEHEERSTWVWD, ZTOXIHFT, BAITEIEEODE D THLHAE L AT L—iEZHWTH
T2 70°C T CuO BARIE A ERS 5 Z 21T L7z @),

ARETIE, AU AT L—IETO Cw0 DOREFEIZI T, RIEIRE OEW B RIC G 2 5 Iz
ﬁﬁbtoitﬁt’%%Lkﬁﬁ%ﬁ%éixbxﬁyva—%K;D\E@5Mm&V@CMOﬁ%

B BICH— i 5 Z S lcpiFh Lz, Mz T, fER L7 Cu0 R Z7 v a—2t 4L LTRHFRE
&)5;&%‘:#1/710

2. HAERRE

2. 1 REVRTUL—KIZ& S Cu0 BEDIER e

2 AT L—E(Fig. )T LD . H T 2HHR F(3em X dem) T Cun0 i Rz R
EAERLL720), JFURHAHE & U CHIBRER & L-7 A =L E VRS 0.04M & Jore ‘

RBDEIED LT KRR EFER L, KSR E LIk U
LT UE= ?W%M%MOWHMM&&éiﬁﬁﬁbtmﬁﬁ%ﬁ

N RSER
M L7z, BRIERRRTZ 10 4y, ARIESEEE % 50°C, 60°C, 70°C, 80°C TE 2 g};’ﬁﬁt)\ & TIHVER
AUERLL | ﬁﬂ%ﬂfﬁi:iéﬂ%ﬁ/ﬁ(@@b‘ WZDW TR LTz, HiR BER o

Fig. 2 \Z/ER L 7= CwO DK f - Wiifi SEM Bifg 2R3, A B A
TL—IETIE, Cut A AR EENDFEEHRIR E 7 A H ) O SORTE
R 2 R R IZEE SN ERICRH L TAT L—F 52 &
THUEET 2, BBEGERRRICB VT, 2D 2RIERNFER ET
BE L., RODFEIRIC L - T CwO Bt %,

2Cu”™ +20H — Cu,O+H,0 + « - @

SEM M 1 0 | BRIEIR LA M E E R AR & < i
FEDNRN T &N o 1o ZAUTTRERNEUVME E Cu0 D
BrMEE SN 6 Th b, T, AT 2RI
FRIBERE R EME I ERE < Te oz, AT, K&
WIRIZAKERIE T BV o7 L7210 Tk CwO 2T 57
VE=T EMATODN, T Cu0 OFFHIEFRIZB W
THRMROG S R 242 & T, 8if - Efric L o4
ARTNRREZETEZDTHL, ZICE 0, HERD
LIRS —72 Cw0 A E 32 Z L 3T X 5, BRIBIRE
MEWIEE, HTHIET T BMKISbiRESN S -
O, K0AARNTNL REEEMESIL, RIERKEL 2o
mEEZHZD,

2. 2 ZSRFMREVATL—EIZE D Cu0 EDVER

SARAE AT L—E(Fig. LV, T AR EGem X 4em)iZ Cu0 iz ERL L 72@, FEHRIE & LT
EES & L-7 A /L B R ZE40 0.05M & 705 X9 LToKER % . OSTEIRE L CIdKEE (LT R Y
VAET UEZT BENEILO0IM, 0.015M L7225 K DN LT KSR ZMHEA Uiz, BBERE % 30 47, Ak

Fig.] AV 27 L—iEn4EEK

Fig.2 ARIEIRFE % (a) 50°C, (b)60°C, (c)70°C,
(d) 80°CCTEHE L 7= Cus0 MEDF 1 - Wriki SEM g @

10



BEZA 90CE LT,
Fig. 4 I[Z{F# L7 CwO EDZEE - Withi FESEM [Hjf§ % /R
T, R 52nm FRE D Cu0 AN A T A HAR _E(3em X 4em)ic
B)—IZHERE L QU Ve, TERDIBAIE Tk —iic, BRE K+
nm OFEYIELZ REfECERL LD &35 &, FIEHITR
DERER & 72 7R, AR LI A MAE Y AT L—ik
T 2 A b EMHEN D RIBEEK um FEE D I A kA A
A9 5, FEHAIR & SOGVRTR 2 #83E
FIAMZL, EEEEICEE L7
BRAZIR ZAHT RS 5, E D72,
AE AT L—ik & g U TR~
DCu'A A& OH A 4Dt E
BRI S92 E N TE, 20y
PREGEFE 2SN S L 7p o T, x|
TP 2 A M U CTHEMRUTR E T

F@4@ﬁ%b@,®%@&@@ﬁﬁﬁ%%@@”

N, ias - Ni gas
| [ mEswine—s— | |

= B
BEIREE (2.4 MHz)

Figd I A h AL 27 L—EOiER

"800 nm

——————
%

DT AR - FOSEE 28— IG5 Z L3 TE . ZTOREE, BUEA 52nm F2JE LN HE

DOOTHER CiO LT E B2 5,

2. 3 TRMREVARTL—&EIZED Cu0 Zva—zxtE o HOESR

SARRAE U AFL—IEIC LY, ITO/PET AR EiZ Cu0
AL, 7L X T A a—2k 4L LW, Fig. 5
\ZEDOIBIEE L Fm - Wi SEM i 4 7r§°, ITO/PET
BUZIEE 65.6nm FE D CuO MBUE IS HERE L TNz,

VESL L 72 Cu,O/ITO/PET D 7 )V 21— A& o Yk 2 54k
FRENCCTRHMM L7z, 708, SRREMICIE Ag/AgCl &2
H L7z, Fig. 5(c)iZ 0.1M ZKEg{kF b U o AR 7L =2—
A B UI L TW o 72D CuO/ITO/PET FEAR D FE i i DA
fbERLTWD, 7ok, BIEEOZEIT T NV a— R
X5 Cw0 ERED Cul)? Cu(ll)~DIILIGIZ LD H D
TdH 5, CwO/NTO/PET BAGITIRIE T D 7L 20— ZPEFE DI
fEiZxt LT, 10 BPREAE & BBy @il CINE 35 2 & 3o
>, £/, Fig s(dic 7 Vva—2ABBEIIHT 5
CwO/ITO/PET EMBOEIREIE DR E /RS, 7 a— R
EZELIZH LT, BMBENRIZIZEL L TWD Z L3
STz, Flo, TOMX TR VIEREIZHEY L, 0.562 FRE L&
EETH o7,

3. BEXH

0.05 mM 005"1
01mM 3
. 0.2 [

Current (mAcm? )
Current (mA cm2)

10415 .

8"

0 Timg (s) % 0
0 100 200 300 400 500 [\ 01 02 03 04
Time (s) Glucose concentration (mM)

Fig.5 Cu,0/ITO/PET @ (a) #MELIX, (b) F i
WiTh SEM i & 7 v o — A RIS Ic %t 5
(c) BIRBEZELE (D) ZOME7Ta v FW

(1) R. Nitta, Y. Kubota, T. Kishi, T. Yano, N. Matsushita, One-step direct fabrication of phase-
pure Cu,0 films via the spin—spray technique using a mixed alkaline solution, Mater. Chem.

Phys. 243 (2020) 122442.

(2) R. Nitta, R. Taguchi, Y. Kubota, T. Kishi, A. Shishido, N. Matsushita, Novel bending sensor
based on a solution—processed Cu0 film with high resolution covering a wide curvature range,

ACS Omega. 6 (2021) 32647-32654.

(3) A. Endo, R. Nitta, Y. Kubota, N. Matsushita, Crystallized Cu,0 films fabricated at low substrate
temperature of 50-90° C by spin—spray method, J. Ceram. Soc. Japan. 131 (2023) 797-801.

(4) Y. Fujita, A. Yamasaki, R. Nitta, Y. Kubota, Y. Katayanagi, N. Matsushita, Cu,0 films
without impurities fabricated via the mist spin spray technique using a mixed alkaline
solution for flexible glucose sensors, Thin Solid Films. 787 (2023) 140123.



OYBF 1 BREE - TRV PR I
hYSINETRI LG L EMERAELR M ORGT LR

FRTERF 707 4 THEIZERT ORFMiER, BriER, Sy,
HFEI, FIaFHH, maf]k
A BRFER B T IeR REEE

Design and development of eco-friendly high-performance thermoelectric materials
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EEBEHLWT T —FZRE LIz, Fl21E. SITiOs ODFRFEALEICER L2 Hix, 07 & ORI REEAEICK
D74 ) v EBSEGELT 2R KME LTIRDHEES L B2 b5, £2, Ti-H & Ti-0 OFEETIOE NS
SRR (CHERFEN A U D Z & T7 4/ IERFME 2 B8R S, SITIOs D 7 #+ / ARBHECIR IR N L L |
PR R A RE AR S L EWF L, BIC, BREMEZERT DS H X 1Mo T7=42T, &1
— LT 29[1,2], BWEBERLELEZFR-E5 228 TE5, UEoZ s, ExfrHnb 27
< H % SITiOs ICE#T 2 HIE TR O R CTH L EAMREREZ TR L, & ZT{b S ¥ o SR Lz,

st o 8\ x B (Te)

ZT @& x 0.08 o ~0.8

Soc@Fm | O 3.6 mW/mK? © 3.3 mW/mK2

x @F&R X 12 W/imK © ~1.5 WimK

2. HAERR
2. 1 SrTiOs.H, 2V 7 BEREE DG B & BB R

SrTiOs.H, H DRI 400°C THEET 272012, ZHE T L7 ki 8 -"a SITiO,
WHREERT 20088 LT, 22T €7 Iy 7 0REEIc i L M
WBNBHRET T A~ BEREEE (SPS) 1TV T, KFEABIBEL 220 & 9 £6| .,
CRMETHEAT D TREML, HREICKREEHT D STIOLHSE 2 | %ee, “ag
RO T 0w 22 B% Lz, £, K% 300nm LLF O SITiOs Hy K Fal x = 0068 **00ans
& CaHa YR % 7/ m— 7R v 7 AN TIRA L. 430~520°C DK TEIZE A AAdddadaiiaaas
EAL T KFEL L 72 SITiOs.He iR ZER L 72, SITiOs.H, $i K% ) SrTiO;.H, 0.216
10mmex 1 mm' DXLy MR L TAT U L AO&RBECTHER L, 0 200 400
Z D%, SPSIZ XV IKEDBLEE L 22\ & 912 L BBHBRBE T 1050°C T T(°C)

10 Sy FIBERE 21T 5 Z L2 K o T, BEFREEE 96~99%0> SrTiOs.H, BEfS
B (x=0.057~0.216) Z{F#4 25 Z LTI LTz,

YESRL L 72 SITiOs H, BERER (fRF & LT x=0.068 & 0.216) DO#TEx
BR (k) OREERFMEZK 2 12577, SITIOs Zitinik & e~ T, 72 2.3%0 HE#H: (x=0.068) T K
55W/mK £ T L, FIC HIEEZHOT & 3.6WmK (x=0.216) £ TR SELZ LICRIILE, K312
&, StTiOs.H, BERE IR (x=0.068) D IR PF & ZHash= ZT ORFERFMEIZ DWW T, La F—7 SrTiOs Bifs

X 2 SrTiOs-H, BERS A DO +-F4
R s DI ATHE,
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KE D AR L CW\W5, La K—7 SrTiOs BERE A SITiO,_H,
TR T L6 PE AP LTLE D OIK 0.2 )5568......{,'-
L C. SrTiOs. H, BEASIA CITIRE(LX T & 42 PF 8 L o e
HEML T, =R T 22.6pW/emK? [ZEFE L (X 3 g o /
2). La K= SrTiOs BEfk 5 CIRRAHALIC £ - = 0qle

THESBEERTR-TLE I DI, EAHT = -
TO PF BRI TLE S, —F T, SrTiOs.H, L o LaisTO
Wekb (5 IR R AL EH 5 L TH BT, R -
Th HAE L RO ROESEEE (1740S/em) 0 i 00 —— =200
BRTIOIC, @\ PF 2 EHTE 52 L2345 0 200 400 o

T(°C)

Too Z DR, SITIOsHBERE R D H VO PE & AR s, T(°C)
2k >T, La F—7 SITiOs Hefbth L 0 b 2T B3 SITiOs H BB RO M AR T PR (5) & #AEZ
AT 2 LB ot (M3 4). W 2T (h) DI IKRATE,

2. 2 XKFEEHEICED SITiOL.H QR FIMEEEEFDOA =X L
}rﬁﬁmiéSHmnH@xmﬁﬁ%%%%%fét (2. VASP & ALAMODE =1 — R % /=55 — i #
FEFAT T x /) EEICEL Y, SITIOs & STiOs,Hy (x = 025) O 7 % J VEgikEftr 24T - 72, —IRICHEEIRT
@%@Eﬁk@ma IR TT 4 /) VHELERIN DD, R EKFOEEATI6ELHY, 7+ /)
BRI KELS FG LTV D AREMERH D, £ 2T, iR & ﬁ@%ﬁ%bkii KFEOE B A EK
FREMBOERIIEZ CrazitB LI (K47/8), TOMKE, BEEICLD ta ~DEEITFEEMmL, ek
CIXERRDETT 4 UBELBHEIR SN TTWD LB 2 B, & 2T SrTiOs.H, (2881 2 /KB BN E &
BB L OB Z RS Z LT, HEHRICE T4/ VEELAER ST D A W= X h e maf Lz, KHEE
B EOETOMNEEE XD L

ASG O TOPIERDY  BET o HOASREBE(16S)  HERCISHESRER
VDA R LT —ZITER O HMTi-OS

3.51 eV/bond

FAHX—LD bAS ARBLD o‘#{‘ R e )
EHLE B 9 DT, REEE Sy, = iiara o
TID i Zdt R LT, T ORER, epO wT-HES OF] J0

Gae s, D mass (2) 1.02 eV/bond
POEFLTH KRBT ool 2T clicp"’oopow Dimassitla)

WD B, BT o TR b sgﬁ:v;\smb; T
RIEDLOXNIMD Z LRl $TE N Model

(B4 47), 20 o DIEVILTi-Os o s 6t *Ovn ;
NERICEB T DA OFRY—T  E S4t EF ;
MATEBAZ EnghoT, T1—O % Y .E oC

AT Ti-H 808N IEE 1 “ | Ak, =02WmK @ZF;B 0.00 0.02 OM
1/\7"_&) :\ Tl—Oé j\ﬁ{jgij}%yﬁﬁ’j z 300 460 500 Ti'(O/H)ﬁ‘:ﬂt/E\IEE[ﬁE@{ﬁﬁ
i (M4 B L), BEFALD T (K) EAEROTIS— X mp
Ti-(O,H) 5 & BLAE O i 22 1= X1 9 & @4(Eﬂﬁ@ﬂlwﬁ%E7W®mﬁH%EK$Dk%$O®E
o DUACE R 4 AT PIET 2 R B 2 B AT B T BN () DIREEZEAL, () kR

VBN LB TR D . Ti-06 J\
RIZBITDREAETEORY — 3N
Tx ) UBELEEB L TCND EE

%Tﬁﬂ%@ﬁ:iié SrTlO;xH BEET IV A~G IZBIT 5, BIEO K. &
Ti-(O,H)if & BRHE DR 72 D B R,

b5,
3. BEXM

(1) Y. Kobayashi, O. J. Hernandez, T. Sakaguchi, T. Yajima, T. Roisnel, Y. Tsujimoto, M. Morita, Y. Noda, Y. Mogami,
A. Kitada, M. Ohkura, S. Hosokawa, Z. Li, K. Hayashi, Y. Kusano, J. E. Kim, N. Tsuji, A. Fujiwara, Y. Matsushita, K.
Yoshimura, K. Takegoshi, M. Inoue, M. Takano, H. Kageyama, Nat. Mater. 11, 507-511 (2012).

(2) T. Yajima, A. Kitada, Y. Kobayashi, T. Sakaguchi, G. Bouilly, S. Kasahara, T. Terashima, M. Takano, H. Kageyama,
J. Am. Chem. Soc. 134, 8782-8785 (2012).

(3) X. He, S. Nomoto, T. Komatsu, T. Katase, T. Tadano, S. Kitani, H. Yoshida, T. Yamamoto, H. Mizoguchi, K. Ide, H.
Hiramatsu, H. Kawaji, H. Hosono, and T. Kamiya, Adv. Funct. Mater. 33, 2313144 (2023).
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Synthesis and properties of new functional materials based on metal-organic frameworks
by Tomoaki TAKAHASHI, Suguru KITANI, Hitoshi KAWAJI

1. HEREH

ZAMMEHIZ I OMILE R > TRV | ZOMIALICERA 2MBEEZWAETHZENTED, 0D, 1
WAEHIRA A AZHWH, ELFaT——T A il AR L CIRIR IS SN TV D, HEREME
LALLM ELO—D & LI, AESREIEARNIER SN TS, IhblE, @A 4 EZ NS E LR
RN 0 B CAREIZ K 0 fEda b L. =WOtAICHIAINE L < Sl S Lo fifiE 2 >mE CTh 5, £ D
HAIR 7S 1T, SESERRUES AR T2 REICWRT 2 Z LR FIRETH D | £ 28HER
NP OREEEZ D Z LI Lo THIALO K& W 1L OMA/ERZHIECE 5720, B4 74 T
LD o T AR LS A ED Z LM TE D, EWEMBRA -5 2 LR TX 570, KEIFHEMERS
T LR FBWEA B E~DISHB IR S, EOFERRIZANT I B BRI T TWS, LinL, &K
A MET EHALNIZRIR S D 7 A N3O BEAEHOARE, W 727 A Ry -R0R A Mg OEERIR
e, HDWVIET A My TR D RIEISR e & OIERMHEM I DN TR+ 0D EETH D,

FI=H 07N —7"Tld, ZivE THBR G4 R 851K O IRMOF-1[ZnsO(OOCCsHsCOO)s] , HKUST-1 [Cus
(benzene-1,3,5-tricarboxylate)z] 122,  Fig.1 (278 L7=MIL-100(Fe) [FesO(OH)(H20)2(1,3,5-benzenetricarboxylic
acid)2]*°MIL-101(Cr) [CrsO(OH)(H20): (1,4-benzenedicarboxylic acid)s]7¢ & OFALEED 7 5 Fli 2 D L FLIEAHE
& BEERIZONT, KOS T2 W5 ST L & OMBEBEENIC OV TOMIEETT> T& T, —i&IC
BATA MR EOMANR2mE D /NENI 7 Bl TIEF A M FOWBRIBRITEZ St bl Tnd
B, THETOMEICE > T, AEEREIEARICIEK S
T WE TR EA AR O K O RBiG A RmT e
o TEIz, WEFEE TOWRE T, ZILMAKES RS
(T S AV T2 K DR - BEEIBLGIZ OV T, FRITHIAL
DV INSWHKUST-1 GHIFLEEA30.5 nm3s L 00,9 nm) 12
DT, ZHETIZH STV D i BAKWEE TOW
JHK DRSS BRSO A -7 A MAAAERICESL &
BONL2BERMEERE R L T&z, —F, iR
7o AL A9 HMIL-100(Fe) GHIFLER : 2.5nm&2.9
nm) °MIL-101(Cr) (FAFLEE : 29 nm& 3.4 nm) T,
RESORR LMD ENEIUKHIET 5 & bt DK
OFhfE - BEEBRE DB ST\ D, AREFRETIE
MIL-100(Fe)<°MIL-101(Cr) & [F Uti&E 2 55, &A1 A
CRENZ NN 72 ZMIL-100(Cr)$ £ OMIL-101(Fe)iZ
DNT, ZHVE TIZEIN S =Wk S VT2 K OFFERRE D

HNZ SN T, ML A KL ABA Ao b DREARIED
BDNMZOWTHLMNCT D & & biT, Fillor TRssk A -
DEFEDT=ODMAEGH Z L2 AL LT D, Fig.1 MIL-100(Fe) D b i3] 1]
2 HEARE

MIL-100(Cr) 1% Y VAR —~ Lz W CTAR L 72 [2]. EEZ v A JLK i (Cr(NO3); - 9H,0)
2.0 g(0.005 mol)& U A 2 > E(C4H;(COOH)51.05 g(0.005 mol) Z 7882 /K 25 ml T¥EH> L. 30 4y fEI#a ik
ZRWTHAE LBEMEAORER Z 57—, T0%, ZORAERE T 7 v UiittE R & (taf-sa-100 [fiE T3
MRASH)IZTE AL, 493 KT 96 RefIFHE L7, AR TITZRECRER 2 ZE L, HF 2468 L
T MIL-100(Cr) D&k & 4T - 1=, R % KB K(H,0), =4 J — /W (C,HsOH)DJIE CTYEH L B Sk 44T
VN, D JE 0O MIL-100(Cr) % 1572, MIL-101(Fe)iZ DWW\ T b [AEEIC VY LR Y —~ Lk Z2 W TARL L= [3],
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LRI 7K Fn#)(FeCl; - 6H,0)1.32 g(0.005 mol) & 7 L 7 # )L FE(C4H,(COOH),) 0.41 g(0.0025 mol) %
NN-T A F LRV A7 2 R(DMF)30 ml CIAD L, 30 23 ARSI 4 W TR L B0 0 SR EIR 2 157,
T, ZOREBWRET 70 UiittEREICE AL, 383 KT 24 FFEIEE L7-, TDH%, NN-U A F )L
BV LT I R(DMF), A%/ —/W(CH;OH)DIETHEF L, BEREZIT 7o, NI T 27 A Myt o
W T EIZLL T D FETIT o712, EBREDEZ, HHNPUHEZET A L TT7 ) —R&Y 7iEE AW T A
L TRV 7 A Ny FAREBZE T A T, Ae BRIl Z & T MALNICT A My Faek
i U ToilB 2 1572, &2 OFBHREIZIZHm R X #REHTEIEXRD) 217> 72, DSC #HIEIZIE TA #1540 Q-100
ZHWz, DSC JIEX, WREZIRA D SRR 6,

FHREE ; 10 K/ min, REEREIL ; 93 - 300 K TiTo72,
K & WL L 7= MIL-100(Cr)®DSC il % Fig. 20279, i o
[ZBWT% THE L 75T 13 KRR B 5k 2 W E A C 997%
H 5, MIL-100(Cr) OFMALHITIZI molX7= Y. 26.3 molD = |260%
KEWEST D2 ERbhrole, RRBEOKNPFELTWD € [176%
B A (R 100 %A 1) TIX273 KT S 7 KO EfRic 3 (133
BNTDEEZLNDE—7 BB, ZOXTIER & [
SHWA, FRUTHI A TSR ORE & B 5T *??)‘ 88%
0— RN — 7 3220 KT IS S -, MifLEss T [esw
[FEE 72 MIL-100(Fe) Tl, 210 KEFUTIiZ 7 v — K7 e’ — %, 57% / ﬂ
7 BBEESNTH Y, Felb & Holgs L CT10 KR & iR E 44% I
TWRIEKDOBENEE > TND EEZ NS, £7-, [ALCrik 38% /”
B THRIFLEE DN B 72 HMIL-101(Cr) & el 5 & BB ia 1T 24% IIT]
FITOKIE < 72> TV Do Z AL, MIL-100DAFLEEASMIL-101 0% 1]
OMIFLEEL D /S Nz L ExE LTV 5, 7”
SENTAKE W L 7= MIL-101(Fe)?> DSC Hift 4 Fig. 3 12 ! - !
T, RO KBTELE L TV 2 5 (WS 100 %21 )T 200 250
IF 273 K AR/ S0 7 KORBMRICEET 2 & £ 2 b bk T/K
B — 7 L 260 KIFEICWEAD A IG5 & & Fig.2 /K Z Wk L 7= MIL-100(Cr)?> DSC i

Z BN DHWEE — 7 Bl S o, WEED 100 %LL T O
AITIE220 KAFUTIZFEF IS 7 v — R B e — 7 13

£2 ST, MIL-100(Fe) & HL# ™% & | AFLEEDS K & W7, 11‘;‘2164
FEHRANZEBH S TWD, —F, MIFLEED FEIER7: MIL- 2600
101(Cr) & Mo L 72358 MIL-101(Fe) D OWHOK O o,
TR 10K K< 22 o T D, MIL-100 52 DG4 & [FlkE 403%
12, I8 THIALEE DL AW TIE Fe L&D 7 Dl s g 366%

Vo SO LA, Cr THRRS NV RBAIAL L I LT, 3 aay \ ﬂ\
Fe THERL S MU7ZME@ ML H 3Kk & 7S T A% 278 | [0
B 2 L Th Y Fe LAMOHBMIALEE L A T § 2N | [
DREEHBMTFAXE—NLVENZ 2SR, W R 197 ‘ fl"
KOKEREEF Y NT—2 % L) FRLERICTHE T 45 ‘ fl’.'
EHRTEL TS, ZOREENS MIL-100 BElF TN ﬁ, 17% \?',ﬂll
MIL-101 BEORIN AR BRI B Y 4 IS =7 £ 96 Mﬂ
LM HHEAEA LTS LB 2 B, e, HED 2 \m
D IpF X W LTk~ 0I5 23 1% o W]
ns, o "

60% \
A 0% '
3 BB \\\\\\\\\\\\\\\\

[1] P. Horcajada, et al., Chem. Commun., 27, 2820-
2822(2007).

[2] P. Teerachawanwong, et al., Fuel, 331, 125863 (2023).

[3] A.M. Balu, et al., Appl. Catal. A, 455, 261-266(2013).

200 I . . ‘ 250 I . . ‘ 300
Fig.3 /K Wi L 7= MIL-101(Fe)?> DSC i
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Anomalous thermal conductivity change with metal-to-insulator transition in CuAgr:S4
by OSuguru KITANI, Kenta HASHIMOTO, Hitoshi KAWAIJT

1. AREM

WA, R X —REICKHLT 5720, B RV XF—OFNEADPEEHINTETND, 20
FC, Boiinzary be—LT5Z L1F, ZRALXF—OFHAEZHKT 2 ECEERFECTHD, WK,
B ORIENIANREEE A WD 2 & TITh CTE72n, MEAE TEERIET 5 Z LR TE L= RLF—
HEBEOREZHEA G CTE S, FxZZoMEE LT, &EHEE M) 5842 b oWEE2FZEME LT
W5, BYREIL T ) VOBESEFOBINC LD AL, EFPURE R K 1T Wiedemann-Frantz (WF) HIiZ &
NWiE=LoT £ EIND (ZZTL=245x108 V2K 2|Zu— L V¥, odEXRER, £ LT TIiEMxhiRE
ThHDH), LEN-ST, MI@B?%%?W“%% Dr T, iﬁmfrjb\ﬁ%%% — 5 OAEFF TITRWVEE
D ENRTREIND, LrL, ZTRETI otb}? NG, PAEBY ORI ERZTYWEN Ao T
—JT, WO OYEIZ iob\T%UD?*@}: MR LU B BREOBYRERNME T2 2 030 0o T
=7,

A BRIV CulnSslE Tuin=220 K T2 M-1 5B A2 E L, ZOBRIC, #fiH L i L AEEHCVE
WRNNSL RBRDBOPHEINTND B, BAIZINETIMD CuW oA b ~2MiD Zn %2 K—7 L7z
CuiZn Sy CIIHIBBRFOBUREEN EDO L ) IZELT 02/ DH LT, TORERIRIBONDBZEL
fToT&E72 4 Zn F—7E&ZHELL TV &, MM b & RIH~OBRERIL BRI INCEE U 5
ZENG ol TORERIE, FAHO CulnSs TIPS 2MEY H4#ED L EN 7 4 /) 2 #EL L TV b
TEERBELTEY, TN Zn F—FIZXoTHflENTbDEEZHND, LEER->T, Zn R—7FZ
BHSHIZIESZ DL, 1Mz s D CuV A MI2MiD Zn 2 F—7"45 Z L2 X > T Ir O 3 s
x, HUEHHEEZ AT D 0D Lz 2 SR L CluE
LEWCEAEELN D LizbDEEZTWD, L, Zn K
— 7RI FEH LB L TEBY, Ir-Ir MEEEAHLE D 5 &
WCREREBLHEZ TCVWDLHREELEZ DN, £ T, Kif

50 Ielr MBS ARG INERBIC 5 2 2B EBai L M
RB17, 10 Cu¥A MR UL 1o Ag & F—7 L= &
CulAgdnSs IZ OV TR 21T > 72, =
&)
2. IRER
%k CurAgdnSsiE x = 0.0, 0.025, 0.05 & L 7=tk ik} o 100 200 300

, fLFEWRIEO Cu B X O Ag, I, SHIREZIRAE L, AdEl 7
AEICEZEE AN LT 850°C T 1R BERR L=, &b izilklo
X BRIEHT /82— % Fig. 1 IR T, W ORES Rilid o 72
WHEHTH 5 2 L DD Bz, 10"
CuiAgdrSs DB Bl E DFER % Fig. 1 ITRT, BAEED )
FIRERS B 27 13 x ORI SAURIERNC > 7 R L, E—2 s
DR LTt bEBT s brE—bH LTV AZ RN g
Wb, DT ENL, EBBIZE B 725 It NEEROED Ag g
F—ZICEVHESRTVD EEX DD, 4T, HEBE  Q

— 7 USMTITIF E A EET RO T, FAKII R LIZT A 10

BEG S F—7HETULL D RELIRD Z &b, 74/ v

HHEITOWTHORBI O RBETH DL Z B3 mhsT, 1060 : 1(')0 : 2(')0 —
Figure 2 [XEXIRPIEEZ R L TEY, HENLIEELZ TS T 7(K)

W< BRI CANUR LA AR B, BRSNS | S
CONBRIHRIAE R0 THY, ThitAg F—7icks  Fig2 CuAglnS OBSIRGp
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FHDEELOFETH D LEZDBND,

BRERE ORI Fig. 3D X 51272 -7z, x=0 DOk}
EHDLHE, MEHTERLS, @BETRWMEZRL TS Z &N
Db, Twr TORDEENL, F—7ERNEEZ 5122500 THEA
MBENNCEE LT D, F72, Cu% Ag TEHRL TV &, A
KU EHETREANCBEERPMET L TWDLZ ERbN5.
TH ) DIHDBMGEROEE L VFEL RH70, EXK
PLRNPORBEG o EFERERE Z LW TSRO T+ /
VEMRE RN Fig. 3(b) TH D, ZORNLHLMN X I, 4
BHETO7 /) VEMRERII R—T12X ) EH LTS,

ZOWRHTENEBELOBLENDELET HT-0IL, FHHEE
TRRZ#EmT 5, BMREELLERE®C (5C), 7+ /D
FEHEE vy, 74/ O HBATIR | (I=ver dIHGELOREFD
REE) DOEINCIE, 6= 1/3Cpved &9 BRI ALY 2D, BVR &
I RIE TREREMERLTE LT, T/, ET A0
DRI o 7c 7 4/ VEEEE S RE L LW, IR KX
SEELTVWDZ ERRBREIND, EBICIZFE LIERN
Fig. 4 TH %, HBFMHOMIKIERICERT D &, Ag DEHHED
BN TS LTS Z Enbnd, 2L, Ag OFE
WENHEZ D ETERMENREMLEZZ Lo THALILD
—REIRIEENE B X b D, — T, 300 K fHEo&EiAT
1L x=0 7°5 x=025, 0.05 Tl LAENRKEL 2oTWNDH T &
DD, Zhix, AgDEREZECT I LICE-T, Bk
Tx ) UHEA IR SN TWAE Z L EZRIB LTV D,

%I, BE T ) CHELICKRT D Ag & Zn R—T ORI
DWTHELHT %, Figure 5 1% I=vrD BRI S BAE S - 72 300
K TO Ag & Zn OEHIIHT 5 DIRFMEZ R LTS, Ag F
— 7 RETIE, MR CulnSs [ZHER TR LV EVMEZ RT3,
Zn R—7 B CIER L VKL 2o TV D, —iNIC, K—71Z
XV AERMEBELEA S, a3 T 5, ZOBELICITE R L
AT EROBNRIBRLS EETL720, InA A IV EHIKE
W Ag A A D R—T" DB RKRMEEGELO 2R R Bl b 2
R ESND, L, EBEOKETIE Zn F—7# NI N
Culr,Ss KV b LTS —F T, Ag F—7R BT EF LT
Wb, ZORKELTEZLNDDIX, A4V FROBEWNIZLD
BT o ) CHELOIHIEASWOENTH D, Zn A AT Cu A
T ERUA T L 06A %L >~ FT, Ag A AT 1.0A &
PFEIZIREWA A R E D, 207D, Ag R—713FEE B
Y OVRFTEY 72 Ie-Ir BHEE O W 5 2 M EE 501w L, Zn R—7
IS EE N LT O In-Ir BREEC O EBE H 2 5,
RELT, Ag R—7BBCIILED B ERIEFITEZ D 55 <
720, BET 4 CHELDES I S b D LB HND,

3. &3

(1) H. Kang, P. Mandal, 1. V. Medvedeva, K. Barner, A. Poddar, and E.
Gmelin, Phys. Stat. Sol. (a) 163, 465 (1997).

(2) K. Balcerek, Cz. Marucha, R. Wawryk, and T. Tyc, Phil. Mag. B
79, 1021 (1999).

(3) M. Ito, K. Sonoda, and S. Nagata, Solid State Commun. 265, 23
(2017).

3.0

x (W/m'K)

1.0

0.0
4.0

20

Ki)h (W/m'K)

0.0
0

T'(K)

Fig.3 Cui AgdrSs DEVREF

100 |

1 (&)

10

——x-0
—— x= 0025 4
—A— x=0.05

100

200

T (K)

300

Fig. 4 CuiAgdrSs D H BT

2.0F
© Zn
1.5" _._Ag
£ 10
o '
A ]
05l  “g._ge--m—"" -
0.0}, . . E
0.0 0.1 0.2 0.3
X

Fig.5 300K T?D Ag LU Zn
BE x T2 ERbL7+ />~
FEANEER], toldx=0 D7 4 />
FEFNEER S 5,

(4) K. Hashimoto, S. Kitani and H. Kawaji, Physica B 629, 413675 (2022).

17



I BREE - LR
Visualization of fast oxygen deintercalation reaction of oxygens storage material Sr3Fe207-5
FOLLERTET v 7 o THEMIFGERT AR BESC, B IEA
by OTakafumi Yamamoto and Masaki Azuma

1. Research Object

In-situ X-ray diffraction (XRD) is a powerful
tool for monitoring reactions in bulk materials, and
the recent development of synchrotron X-rays
enables us to access high-resolution data within a
short time window. Time-resolved synchrotron XRD
measurements have been used to investigate
many reactions in crystalline phases, such as
hydrothermal reactions, gas absorption, and solid-
gas catalytic reactions. However, the development
of a time-resolved XRD measurement of a solid-
gas reaction that can reveal structural evolution
precisely on a subsecond scale is still a challenge.
When the time scale of the measurement becomes
faster, one can capture intermediate phases with a
shorter lifetime. This will provide further
opportunities to develop optimization of the 101 Experimental setup around the sample at
reactions and/or synthesis of metastable structures. . B| 02B2 beamline of SPring-8.

Here, we focus on the Ruddlesden-Popper
layered perovskite SrsFe207-5, which has recently attracted attention as a high-performance oxygen storage
material [1,2]. This compound shows a reversible topochemical redox reaction between SrsFe207-5(5 ~ 0.4)
and Sr3Fe206 (0 = 1.0) under Oz and Hz at 773 K and excellent performance as an environmental catalyst
material. Our previous study revealed that Pd loading dramatically promotes the oxygen release rate and
decreases the release temperature under Hz flow on SrsFe207-5 (6 ~ 0.4), but the reaction pathways and
structural evolution during the reduction were still unclear.

Therefore, we decided to observe the actual reduction steps of SrsFe207-5 by hydrogen gas and the
deintercalation of oxygen at the BL02B2 beamline of SPring-8 (Figure 1). In the measurement, a capillary
into which a powder sample was introduced was connected to a gas atmosphere control device. This
apparatus was originally developed for in-situ observation of the structure of gas absorption and release of
coordination polymer complexes [3]. We attempted to visualize the reaction pathways of the solid-gas
reaction by synchronizing the gas introduction and XRD measurements [4].

2. Experimental Results

To improve the reproducibility of the reaction, the sample was subjected to multiple redox cycles at 700 °C
as a pretreatment. The sample in the oxidation state was then set at 500°C in a vacuum atmosphere, and
hydrogen gas was introduced 3 seconds after the start of the time-resolved XRD measurement. The X-ray
diffraction patterns near the main peak obtained at intervals of 100 ms are shown in Figure 2a and 2b. The
horizontal and vertical axes correspond to time and 26, respectively. The measurements were performed for
pristine SrsFe20e66 and Pd-loaded SrsFe20s6. In both samples, the peaks shifted to the low-angle side
immediately after the introduction of hydrogen, indicating that the reaction proceeded due to the gas
introduction. The reaction takes about 30 seconds to complete for the unsupported sample, but for the Pd-
supported sample, the reaction is dramatically accelerated and completes in a few seconds.
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Figure 2 Time-resolved XRD patterns for the reduction of SrsFe207-s (a) and Pd/SrsFe207-5 (b) [4].
Structures of SraFe20s. (c), ordered SraFe206 (d), disordered Sr3Fe20s (€).

A more important finding is that the peak shifts continuously in the unloaded sample, whereas a
discontinuous jump of the peak is observed in the Pd-loaded sample. This implies that a first-order phase
transition of the structure occurs in the Pd-loaded sample, while the structure relaxes continuously (second-
order phase transition-like) in the pristine sample. This means that the reduction rate at the surface is slower
than the diffusion of oxide ions in the bulk, and the structure is continuously relaxed at each stage of
reduction in the unsupported material, whereas in the Pd-loaded sample, the reduction rate at the surface is
dramatically accelerated and the structural relaxation cannot follow up with the reduction. Therefore, in the
Pd-loaded sample, the compound is reduced to SrsFe2Os before the structural relaxation is completed, and
then the first-order phase transition to the stable phase is considered to have occurred. In other words, as
expected above, a dynamic intermediate phase, SrsFe:0s with random oxygen defects (Figure 2e),
appeared before the phase transition.

In this study, thanks to advances in measurement techniques, we have succeeded in capturing fast
phenomena that were previously impossible to observe. The elucidation of the reaction pathway in SrsFe2O7-
s has an important significance for the establishment of design guidelines for future oxygen storage catalysts.
Furthermore, the fact that the reaction pathway can be manipulated by surface modification is important for
the future exploration of materials. In other words, it means that the reaction pathway may be selected by
surface modification of inorganic solids, just as the reaction pathway can be selected by using functional
groups in organic reactions. In the present reaction, we ended up with the same phase even though we
changed the reaction pathway because of the high reaction temperature. However, we expect that it will be
possible to selectively synthesize metastable phases that are inaccessible by ordinary reactions in the future
by choosing appropriate reaction systems and reaction temperatures.
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Fig. 2. Formation energies of O vacancies in a-(Al,Ga;,)>03; with x = 0, 0.25, 0.5, 0.75, and 1 as a function of the
Fermi level at (a) the O-poor limit (Aug = —3.1¢eV for x =0, 0.25, 0.5, and 0.75; and Aug = —5.4 eV forx=1)
and (b) the O-rich limit (Apg = 0 eV, corresponding to the total energy per atom for the isolated O, molecule).!' The
vacancy formation energies are classified according to the number of nearest-neighbor Ga atoms (Nga), and the
minimum formation energy for each Ng, value is shown. The lower and upper boundaries of the Fermi level are set
at the valence band maximum and the conduction band minimum, respectively. The slope of the line corresponds to
the charge state of the O vacancy, namely +2, +1, or 0 (neutral). The thermodynamic transition levels, which are
vacancy levels relevant to thermal excitation and capture of carriers, are indicated by filled circles. The broken lines
for a-Al,O; in (a) assume Aug = —3.1 eV to be compared with the a-(Al:Gai.)>0; alloys.
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BiPO4-HT > FePO, DJIE TR/ L, 550 °C TD CHy \\\\\_,////
i LRDNEF LT RELS Bipolz, T L HITH O(H)
MBRAHER SN2 Z LT, &R Y kiR O\m\ /$7$#0
¥ L O DR TEEFRIF T35 CHy BR{LIC B 074 d g0 "9 ]
T 5B IR TE v, 2, SV AK
JEERCIE CHy 2V ZADH AN & XTI
DHEIT L2 Z &5, BiPOs-DEG F1 DR A
CHy & BHESL L7222 &#rwéhto%ﬁ@
B ROGHER, A7 F XPS. DFT #H
E®ﬁm%%@ﬁﬁ%nEﬂh®%ﬁLTomwﬁ (H)O o#(m

PEAL S AR L7 RIETBEFHFLIC & 0 CHy B{L2S 5 B0 :
HEFTS 5 LiESND (Fig 3). ZOXH 7% M;O
BiPO,DEG | CO O, I HEALIY, St T3S BiPO, )

FOSIZBE-9 % FePO4 7/ Kt LTI TH
V. EIERTOEV HCHO &R Mo %5 17 L%  Fig. 3 Proposed reaction mechanism for oxidation of

BiPO,

2525, CH. with O over BiPO4-DEG.
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Control of metal oxides surface and application for acid-base catalyzed reactions
by OTakeshi ATHARA, Wataru AOKI and Keigo KAMATA

1. BAREHN

B Pt T, Ak« A A~ R« T 7 A U I ANAERTR . BILEY E BRI EHRT D
R CTHEFICHEERMEERZTHS 12, PTHRa T A b A MR (—E ABOs) 13, Bt i 21
TREEZFOZ ERHRE SN TODN 3, AHEARRSSITIE ISH LB, AR T, MBI O3F
MEEEDRIAT 2720107 2AH A N F 2R FICE B L, SWEERMEIREIC 5 2 5 28
& AHESIT R D TR YE & R Et L7 45,

2. HAEAE
2.1 TIigAROIRAA bF/HFDERELRETE

Ti 5807 A A M
ez, Ve BRI g ( |
Sol-gel VEIZTHRM L7z, Ti l Il
Ji & L C Ti(Oi-Pr)s, 7/ 7 U A
TR R EE R - kK
F U A EKICIRER, 7K
- WL[E 295 2 & CRIBEA
DOMERESET-, BFohizhR
% 823 K TS5 h, FTEDZHH
[CHERT HZETHHOD
a7 AHA SR E S
72, Figure 1 (a)l2i3fF 57z L [
FHUBA R YT T AD
ek L= F X A b v 20 / degree
F 7 2 (SrTiOs_air) (X, 27
fb SITiOs ([ZJF 8 = v 2 [mlify
FROZ DB S, IRERHES
B 72 & DK HRT 537 — 3Bl S /e o 7o, F72 Scherrer 20 B L 72(110)H OfE
ma AL, 3lnm & RS D22 LD RAERIEIC X D @EHE SITiOs 7/ K- D& I LTz,

S D ITHIBRAR A 2258 CRLEL L 7212 IR AR & 225U 280 0 3 2 45 72 SrTiOs (SrTiOs_No-air) Dffgn 81, 23
nm &R SN, SEMEIEN HBIZE S T2 SITiO; No-air DRI F-1% 10-30 nm,  SrTiO;_air DK% 30-40 nm
L RS b (Figure 1(b), (¢)). Midh FEEE FIERVMETH U | BRI X W20 R R Sz, &
FWHERE L BFED - 72 SITiOs_ No-air DL R HAEIL 46 m? g! TH Y, SrTiOs air G0m?> gl) O 1.5, &
P IVBEA LB 4 m2g!) @ 10 FUEDEZR LTz, ETABKIELZ. FLUBILY T A
(CaTiOs_N-air) 72 HNZTF X /N Y 7 A (BaTiO; Np-air) OARIC S FIRETH D | EHlE - &R
e x o~Xa 7 204 Nk /R OE I LTz,

x 1/4 | a8 4
! Spejs 46/m g

Intensity / cps

1/10
X L l 1 1. X

2. 2 FIEEDOAD=ZXL

U v A% T Sol-gel 15 T2 SITiOs OFIBADHERIZOWT, 2572 b NNCEREHA T TG-DTA
BIEZITo72, 22K FCHIE LI2GE, 773 K MHDIC R & B — 7 L EEHD PR INT-ZZ LD,
RIBEAH OFHEMRBE LT & B 2 bivd (Figure 2 (a)), < D—J7 C&EFE FCHIBKMAZUE L7545, FU
TR CREVE — 7 3B ST, BRI O B0 MR S iz (Figure 2 (b)), UL EDORER LY | EFFHR
THELT 2 Z & THEYOBRBEIC X2 RE BB - R OREZ MG T X, SIbRmR T/ K72 ER L
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2. 3 RAOJRAA CRIEYMF / FMFORREMSRE

U v A% Tz Sol-gel IBIC TR L7cHix O Ti /a7 A4 Rk F / ki1 % FHvC, Al
7ol HEAEMEROE E LTHOLN TS R AF AU LT T =R (TMSCN) (L2578 7=/ 0DV T
I U IMEBOR Z R LTce T HIOICHERmBEOER D SITiOs Z MW TN Z T2 8 2 A, REED
BN RO RE D ) B TR S, $f%sw©3mmriﬁ%meMWém%W4w%%)%rLt
(F1gure3(a))o ZDZ b, N7 AhA N OMBRIC T A REEOEEME NI, &6

(2 — MR B RER ARG 72 & ONZ [ A S fih gt & LTﬁHb\%ﬂZv?ﬂ‘& A TiO, 2 Mg(OH), & AW 7235412
FEAEERET L oTe— T, WThO Ti A2 7 ATA NE(EWTH BT Lz, KISk
TH, U - PeidT XV [ENX L 72 StTiOs_No-air & FFEESUGICH W2 & 2 A, PRENME T T2 2 &7 < 5
FIF ATHE T &> - 7= (Figure (b)), LA EOFER L0 | AL AN RS U CHNICHERET 5 2 L2V RERT-,
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Fabrication and evaluation of compositionally-graded epitaxial thin films of cathode materials for
lithium-ion secondary batteries
by Sosuke TAKEI, OShintaro YASUI, Takuto TOBE and Ken-ichi KAMINAGA
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%?A4i/1muT Umi@mﬁﬁﬁ\xv—b7ﬁ/\/—FPC&&%#<%V6MTw
o FERAICIZ, =R VX PR OTEILRIZ LY | B LT % EE IS, LIB OFF
@imIZW%~%V AN ERF O ETh D, —H T, Btk - BIERE - A& - (it
DNE s VYA 7 N7 EOER S D, TH, LT AX VTR TH D Co O fHEHNEE BT D
UVF U LAF L EBMIEMmE LT, Co D—HzZEERtHRERTHS Ni & Mn TEHLE 3
gt LiNi;sMn;5Co130:(NMO)EHR S TW5b, E£72,
UTHE NMC ([Z2OWTE, BB R HEIZHT T Ni R E 2 i p I 2 b & B - A A S O
WAL &5 EMmEEDE LS SN TWA1], Lo, BERITR SRRSO R B %
GATZ VT SRERIR TCORE DA T, HEEEE & BHAFEOFBI O IT = B4 % 2 LR
DEVANTH LD, & 2 TAMFETIT NMC fERHER T & & % o v LR A ER L BRI OFF
221772 > 7D THET 5,

2. HAEAE

FRMEIZ I Z OV A L— T HEREIE A ] W 7o, SITiOs(STO)(100) 25 Ak | 12 SrRuOs(SRO) T FEAR
Z 50 nm M L7=0h FEAGRE 520°C, BERE 500mTorr, L —H—38E 0.57 Jem? DT,
NMC 2J—HAEME, NM %) —HE Ak K OMBURHREEC I 2 130 nm B U 7=, [EARMEAL(BIR UP)IEIX
HN 7 EER IR L — W HEEE [2] 12 & D f1iA HH Bk Li; 4NiisMn;3C0130(NMC) &
Li14NizsMnis0:(NM)D 2 DD X —75 sy M@l T B30 5 2 & TIERLL . Fobi 2> & E il
Z/MF T NM 225 NMC (gl ﬁ&ﬁ%k%éio_mﬁbtoW%bt%ﬁi;Xﬁ@ﬁ
(XRD)3 L Ok A A L E & HT(SIMS)IT L 0 5Ff L, FEAEIKIC 1M LiPF(EC:DEC=3:7), & & |
ujzﬁ%f%u\fcmmzm:4/t»%ﬁht% ﬁ$V~%%WMéﬁtﬁm$Mm

v EHLERERAM A2 1T 72 5 T2,

3. HBREER

XRD (4t - w20 -0 (Fig. D5, A UP 13¥)— NMC &%)— NM IS 7 n— R e
— 7 %z~ L., MmN Phiscan HIEN D= EF X U v LAEDHERR S iz, £72. SIMS RS FHa5Hr
(Fig. 2)7» Eft,ﬁﬁjr UP (2B U CTRERm 2> & ZEANZ [ 5> 9 12240 T, Nit OFERDSERIZIZHIN, Mn
DORFRITIFIE—E . Co DFFRITFBITHAL LTWD Z ERENT-, YLy, #iHEY o
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3. ZEXH

[1] Adv. Energy Mater. 6, 1601417 (2016).
[2] Rev. Sci. Instru., 90, 093901 (2019).
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2D ferroelectric semiconductor memory based on in-plane polarization
Yutaka Majima

1. HRB/
2X7C @D)7 7 v TAT =R (VAWIHED ati L v tA v v & (a-IneSes) (F, HifE
PE. SeEME. EEERMEZ Ml 2 72 2D EmAAEEERMEITH 5, alneSes DNV FF v v T4
V¥ —(3 1.43eV[1]TH b, JFF L~ L THIMOut of plane: OOP) x UM N (In plane: IP) DX /5 T
msEEEZ RN T 20(2,3], MAEARERMDE L 7 v P R X (Ferroelectric field-effect transistor:
Fe-FET)@ﬁtﬁﬁ F ¥ A AMETH B,

Fe-FET 3. 7 — Mtfgkiko—#FicmiFER % & FET THH, 7y —F e Fy 2 AMICERE
5.z T, WmiFEgD E%ﬁﬁ%%ﬂﬁéﬂi‘éo ZDo, BREEZV > CHERESMICEL ) T —2%
R CE 2 AEREAE) ELCEIfET 5, XIERAERATY TH 2, WA AEY |
ZACRIA =Y | BEXRIEPII A £ ) 2 K IFE R CTHEZIAREZIT ) DI LT, Fe-FET TIXERIC X
WEZXIALZITI -0, HEBNZKHTE 5,

TNE TICHEIN TS alneSes # 272 Fe-FET (%, a-In2Ses Licy —X /FL 4 vEM%E
s 2y 7avz s b Bc, FravRiElum A ETH Y OOP iKERIC X b A€ U Rtk
T3 [2-7], L2 L7%236, alnsSes ® IP 7tk ifin % #illfHl 3~ 2 Fe-FET I3 Z 1L CHis 23
Motz, FAalx, EFHY V77 7 4 —(Electron-beam lithography : EBL) % H > THRIE 10 nm.
Frv7R6nm O/ Fry TEMEFERS 2502 Znk Cichifsz LT & 72[8].

AFZEClE, Si/SiO: FMK Eic ¥+ v 7K 100 nm. ¥+ v 7@ 50 ym O F 7 ¥+ v FEMi%
EBL THEL. /¥ x v 7EM LIC a-IneSes Z#F L 72K F La v x 27 D Fe-FET % {F#
L. IP#FELEARA ) — R 2G5 2 HINE T 5(9],

2.. (HFERRR

EBL i X » SiO,/Si #Hk Eic 100nm o ¥+ v 7E4%HT2F/ ¥v v 7EMEERL -, F/
¥y v 7EMEICa-InSes #AX Y7L, Abobavzs Rla-In,Se; Fe-FET Z#{ER L 7= (X
a) . FLAVERE ViHnkoEIZ Lz "3 (Kb) . t65VOFL A vEE,LLRS 12V D
RERAER)V AV FUDBBIRINT, R avz7 U Fe-FET Tlt, a-In.Ses DHEIN T A

(a) £ (b) 10° (c)|
100 nm & s Agy ey
P ; 10}
B T _10 i
s = B qiniSe, c < t
— L lI 0
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Figure (a) SEM image of bottom contact a-In>Se; Fe-FET with 100 nm channel length. (b) R-V hysteresis with
a large memory window of 12 V. (¢) Retention of on and off current lasting over 300 s.
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Blue Organic Light-Emitting Diode with Extremely Low Driving Voltage
by OSeiichiro [ZAWA

1. HEBEH

HORNKTZFOOF CTROUEBTRAF—THEHZ L, FHAGKEEIEV T ITERD LR END,
FHBNFETORBICBNTROLEETHD, A EL IZBEICTREINTWD OO0, HEOFRIEIZEE L TILER
HEENRKENT L0, MAENMENR EOMBEEZRIEITEA TS, BIZIFAY— NI4T 4 A7 A
FREDRNBEE TH 2 100 cd/m? DFEHNLEGDHT2OIIL 4V RBREOBEAZHMT 2MLERH D 1,

TIROEF AR EL OFXMELE L UIEROEAMEIR AW LTV D, IEFEEAIIHFIE S LT 5
HABFROBIE MAV R E DM BHE, I RITE NS DO, 8B & R TIMANEICE D, ZHi3sest
BHOBEME LB IE SO BHI S 3R A M L S 5720, ZHIEE - O¥EMN 2 F O 3L ¥ — L [
ED3eVREEE TR AN —LEEILERHY | ZOEmTRNAVX—0 =BHHRNE T3 EOSb & 5| &
HZTNDThD L —F, s Eo =EHEpE 1, Fl 2 XRBAORFOIEICMEOT o 7' UFEER
T 1.7eVRERELEZRLF—TH D 3,

Fxlx, ZoHFAIEEMEIOKRT XL X —0 = FEIHEFIE 1%, KEE CRINAIZEE L, = @EBE——=EH
HR(TTANC L 57 v 7T a v n"— a U3 EFEBICE L, HEAH EL ORENETLZ KIEICKBTX 5 &
% Z 1-(Fig. 1a), © Z CHAIIME L BEFIEM B OB HOMABEDE LR L, iEh 1 Ky 0iEN T
H5H 15V T462 nm OFEORENBITE, T4 AT VAREORNEE TH 2 100 cdm? 21X 197V T
BECX HBIKEE CHRENT 501 EL #B5 L7z 4

2. HAERR

EFFHFORNMAEE LTT > F I 1,2-ADN % U 7= (Fig. 1b), 1,2-ADN |35 A% = R IHE G E HEAT
(TDS 1.7eV T, K —EEFEENS)NZ D fEOTFLF—L D H/hE0W29eV THBH[3], /E-T. &
NI TTA i Z T 72O DT 3V F—HEN O 2w 72T, 2D 1,2-ADN IZxf LT, ~7 1 #45 5L & Tk
THELHEENMELETZIXEB T 787X —MELE LT, KA EL 2% CTHW L TE 7 TmPyPB,
BPyOXD, B4PYMPM & | 8\\7 7 &7 % — %43 % NDI-HF % H\ 7= (Fig. 1b), A8 EL 7 /31 R |LE 2%
KEIZL > TERIL, 2 OEIE ITO/MoOs/ % & /8B 1t & /LiF/MoOy/Al TH 5,

Fig. 1c (2 1,2-ADN & 4 fE¥HDE %ﬁLiﬁﬂ%%wtﬁ%EbrA4x@%tﬁf@ﬁﬁﬂmﬁi%r#
T _NTDOFT /XA AT 1,2-ADN 705 D 424 nm (2.92 e VYD F AR EHBR S iz, — . FDOREBEEFEILE
FEREMA B OFEEIC L > TRELS B o2, A EL T3 AD X — 2 F U EE, O F D BNHEED 1 cd/m?
& 72 5 EIL, TmPyPB, BPyOXD, B4PYMPM, NDI-HF TZH L4, 43V, 29V, 3.0V, 1.7V ThH -7z,

ZORKBAIEEIEOENE I NI T 572012, EL IO 28I L7, £ TSRO E ke

B C#H %5 TmPyPB, BPyOXD, B4PYMPM % H\ 72354 120%, 0.1 ps BA T Gl IZJE T 2 5oy A3 90% 2 %
(a) (b) (© 1000
i -e-NDI-HF
1 B4PYMPM
o CT state @ :'E\ 100 {4 —4~BPyOXD
o SO e 5 T
elective X Y 10
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excriltation %%‘ Blue UC oo £
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SN Y C‘. 0.1 T T T L T T
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NDI-HF Applied voltage (V)

Fig. 1 (a) At EL &1 &R A T = XL ORI, (b) 20 FHE. (o) BEE—EERHE.
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D Z LN gmoTc, ZHITEMEARICESE S| AR ST DRI HRT 5, —J7. NDI-HF %
AW g81E, ps A= —OBWENKBEOABHI Sz, ZHUTBNWT BEATHSL T OILEEHE-T-
HA%%_m$¢éoOib1}MWMMHF®TA4xTi\ﬁﬁFT%mm T A ST TTA %
ML TRNT D ERGholz,

Z Z CIREBE THEOI DM T D 1,2-ADN/NDI-HF OFAE 8% LT, #eh k& LT TbPe &3
JBIZ R—7425Z LT, T, AEEOR#ELEZIT -T2, ZDF /3 A TiX 1,2-ADN 725 TbPe (2= R /LF
—RBE &, 462 nm (2.68 eV)IZ ' — 7 Z RO H @RI B S 4172 (Fig. 2a), DT /34 ZD L-V Rkl
H— 2 EIEN 14TV EEFEITNE L, 17%%7¢/74x7v4&f®%%ﬁf1%5umwmL
X197V TREFETEX D Z ENbho7o(Fig. 2b), S HIZT7 4 NEA A — R CTERBEICHIEEZTTH &, HFEO%
HR 126 VEWVSBIKEE OB TE S Z &ﬂb#oko:@ﬁ%EL?N4Xﬁ15V®%%@%1K
D72 T2 THEADOI DB T X 72 (Fig. 2¢), Z D FEIHOIMNBETICEIL3.25% TH DL Z L RbroT,
AT T2 A B DO BRFRIC K 0 3R A ES RiAD B,
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3. ZEXM
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Fig. 1 Compositional dependence of (a) transmission and (b) absorption
coefficient spectra of non-crystalline xFe;04—(55-x)Bi,03-45B>03 with x =
0,1, 2.5, 5, and 10 mol% for ~2 um-thick films. The insets in (a) and (b)
show a sample photo of the 10 mol% sample and the Tauc plots, respectively.
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Fig. 2 (a) The dc conductivity of
non-crystalline xFe;O4— (55-x)Bi203
— 45B,0; with x = 0, 1, 2.5, 5, and
10 mol%, plotted as a function of the
reciprocal temperature. The inset is
the dependence of activation energy
on the Fe30O4 concentration.

(b) Thermal expansion curves of
non-crystalline xFe3O4— (55-x)Bi,0;
—45B,03 withx =0, 1, 2.5, 5, and 10
mol% as a function of reciprocal
temperature, with the accompanying
T, and macroscopic appearances of
samples.
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Fig. 3 Temperature dependence of Seebeck

coefficients  for

plots at 7=274 and 388 °C.

3. ZEXM

non-crystalline
45Bi,03-45B>0;. The insets show the AT-AV

Bi6slp1 (Bi3*)

Fe 3d5 (Fe3*)
/ Fe 3d® (Fe2*y

O 2p
/ Bi 652 (Bi3*)

Fig. 4 Diagram of the density of states (DOS)
electronic energy of non-crystalline

10Fe;04-45Bi,03—45B,0; at 400 °C. The carrier

10F63O47

density, optical bandgap (3.3 eV), and apparent
gap energy (2.5 eV) ascribed to the Fes;O4
substitution are indicated.
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Thin-film growth of heavy-metal nitrides by reactive sputtering
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Fig.1 XRD patterns of the PbO,N, thin films on
CaF, single-crystal substrates before (blue,
bottom) and after (red, top) TDS measurement.
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Fa B a— 2T TS — &2 P a|C CEAZENREN WD Thd, — 5T, ~IFF UKL T4 %
HETEDLBMOT A AEE D EBRAF IRV TRV, ZZ TR Tl 20 Xon B EREfo
BB OB L T ERI R T 7 a—TF bR L, ~ 37 TR 2RI T A DO RAWE -
BLOBHE, ZNOE W= T A A EVICEA MR V& B RO BIR IZEWR A TS,

2 MEAE:

7 TN — 20 (vdW) BB EEZS D 2L TR L (Weyl) 242 @ ©. LR 8 Tl 2k oth
R I Viig R QDT 127252 THILID WTe: &, AFTE D mMEE (99.9999%LL F) DJFEE T
R e B S RRBE E L CRA R LT, ~E P A MR L CHS S A HR T L L7 WTey 2 VT, #i55 - vdW
FBEIEBL OV I T7 o — iz B L C, K1 (@IS TRUTIZED 8T A AEE R ERLL 72, L
JL G h-BN #fx R C 2DTI OB - J& WTe, O b Tz fR# L. WTe, (2 PA/NbTi Efiz =y a 427
BT S LT, #8772 BVLEE (BYER) 128> T TED PdTe, BIEMRN NI I vat 7V AT
ZEIZEY, MReY IV ETE YL CORED R BN R SID T A AL L Tkt Uiz, EBIERL =7
A AREE DI BRI EE T E A K 1 (bR T,

V
lI"’righ t

B 1. 2RIChRa Y IR O R 18 WTe, &, B EEMR PdTe, LA THERR LIZhR ey v
B E VMO E R LD I Va7 AEE T AR, (&R, (b) (LT A REH,
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M2. BB a7 VAR T A AD~ A0l (¥ m) 15, (a) 0.6 GHz O~ A 27 miik A OH84y
EL(dVadV) DT NARE TR L O~ A7l KA, (b) RFEZRT v n 2Ty 7 IR E dh R,

ERIL 727 A AT, TERO SiO) #afk iz I L= N7 7 —hEB XN, O h-BN Hufxi T EE N Lk
o= MiIEAT 2 DRI L THY, ZHEDFHHERIZE > TT A AD Va7 A R OFE 2 E R iR
AEEAT 2T, v A7 S RO BT (d/dV) DEALE | T SARERIBL O~ A 758 O FHEE L
THELTZEZA, TAAANBIRE a7 AL U TERET DI E D EMRGEILE 2% v Ea R E D
BN U= (2) , K2(b0WZ R MRS E A R U720, IS BN E DO EIEICE TbEhd
AR ATy I RHBRICBIIS VS, A% TS AERL A IS ESE T, Yak T VU RIc
BIFH~aoF#ERi OIS E2 R H L, MReY L EFE Y O FZEICHIR L T,
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Surface structure formation to improve virus inactivation functionality
and elucidate the virus inactivation mechanism
by OKeisuke Takenaka, Yuji Sato, Masahiro Tsukamoto,
Tamaki Yoshida, Nobuhiro Matsushita, Peng Chen

1. BAREH

WAV PAT L Ao 7o a v 7 U A LV REGE IR, BRIFEPED LICKRERFA—VE 5T, UALR
JEYSE DA LT BAIS, B OB is & ATRE S L, 4EE - RIFIEE~DO BB Z R/ NMRICE D H 2 &
WCEBRT DEANBIFR AR D BTN D, MfIEHE - VA VA REMERZRE T2 CH Y Fiilanty
ANRIZH L THAZTHD Z B3> TND, FOEKE TIITV A VAL 4 KEIZ E LNEEEHEFFC&
RWZERDNoTEBY, AT UL ARELHE LT 120 LFORMTH D, REECSED AR s K7
) TRFETY Lo BESHS o—T ¢ T R & CRYETERB IO E NI TE S, Ehlco
A MR EOEFMEOBLED O B IREENE BEEBREDOREm T —T 4 THTNRD LTS,

T THEADOMET—LTlE, FOFEKRL—F—2HW o~ LT B— A& RmHERTEZ VT SUS304
B~ DRSO BRI EL Y M A TE 72 15, FEER L — W — TR 5T 5 IR B m D L—H —
Thod, ~VFE—LERMEMETHREZPELOMGE L, HEO L —F—%FHEN LR 2 2 & THEM
DR % Fe/NRICEE O T2 R Rk & EBL T X 2 BH HIETH D, T E TITEBER I LEE I R ~D AEL
BICBALTEHRE L TER, ZbiE 1l B — RORBEERICBED AR Ch o7z, ZD7D, JAWEHE~
Ol a—T 4 > T ERT L0 IB O — R TR AR E R DL )R —P—BAEHEFEZHEL, 1
E— RO E OFBRIERROENEA LN THILERH D,

AFETIE, 1 = FEBEOEK TIIAT v LA LSO REMEHES L2 M e — R Tha—TF 1 v
T RO B N TIEE — ROFER S 728 0 DR O RBMEHES L 22 RICER L, ATV L AL
il CIEBMRE RS, TRAVEE W o TeBRRER RE S B D, 207 1 ©— ROREEZ AT DB L [F
—DRBTIER Liza—T7 « o 7 BRI ZZR A RAE LB ENME T T E W RS 72, Lizh-o
TIEWVEEIZ e a—T ¢ v T EEE R T 5 I3 B Ak & RSSO N EE R T 72 5,
T TCARMETIE, B — RPERLIEHTORBESMENMET T 5 A D= X L5 LE e CRiERa—7
YIOERFERTLHI AL L, E— NHEEHC Yy T VB EZ T A —ZICEREIT T,

2. EEAHE

FEBREEE OWENE X % Fig.1 12”7, R 450 nm, H&AKMH 200 W OFEEE L —F—FE T 2 —/1 2 B
LHELIZL—P—HE T 7 A R—=T it L L XTI T AICEES LZ(Fig. 1(a)), AR v FEITEEEE
T 233 um & L7=(Fig.1(b)), HSRITH RS Ar WA THEL, L~y Ko 7 XL T
RUICHH Lie, AT —U % xSy F U 7R BB S E, y ST~ R ER A # D k32 &
T 15 mmX 15 mm OFPHIZH 2 —F 1 > 7 &7 o7z, ©— R > F 2 7 ) & BB E L = | 220
FHRYORBEA LT D720, L—F—0OH NHix 160 W2, fi5[3E % S0mn/s ([ZEE LTy F o 7
HEZ 110 pm 706 310 um £ TEL S W7, A LM KO FERAIL 21 pum TH Y | M LE SO E
BEAGE A 50 mg/s (Z[EE L72, FEMITIE 15 mm™*15 mm'x5 mm' O K& X SUS304 EARZHH L7, kL
TREIE~A 7l v X —TWrimZ2 W L, SIS « HFEEDO O BRI L 2 WmiR 21T - 72,
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A ? 7z

head
Blue diode lasers
Laser beam ~ . E x Powder feeder
Pure copper - %t 7 - Processing area
powder b ‘//; v lo_oum
Coating layer —— 7 SS304
substrate

Figure 1. (a) Schematic diagram of copper coating with multi-beam B-LMD method, (b) beam profile of laser at the processing area

3. EERHER

$ila—7 1 v 7 EEOWEBIE T ESL Fig. 2 \Znd . Ny T U ZHEER ()10 pm D & & FREIL6 % &
INEWE DD RZIENERIZZ2[1732 < . FHH. S Sa 40 pum EMIHOH L EE ThH o7, /Ny F o 7 HHEEN
(b)150 pm D & T IIFIHRFEIL 1% TH VY ZER b7 <. REH S Sa 10 wm & P 72 5 5B 72 B BN B Ak
STy F o ZHERED (¢)310 pm D & X IFTZER S e < KHilE Sa s um EFEETH 72 b DDA 68 %
ERNOREZNWEIEE e o7,

KREBRFER LY Ny F o TN/ NS D EEM~DOABENRE L TERORA L REH S NELS A2,
N F U TR R E W E M ~DABGEZL & 72 B T2 DICEIRBEIN L CRESE DK FIc o7 n > CTLE
I Wbt AREK LIza—TF 4 V7R ETOHE « A VARG CERRBRIZ OV CITBAE R
ERFIZTEBTTH D,

200 pum | | o 4 e S ' 200 um
200 um

Figure 2. Cross-sectional image of copper layer on the SS304 substrate for the hatching distance of (a) 110 pum, (b) 150 um and (c)
310 um with the output power of 160 W and scanning speed of 50 mm/s

4. BEXM
(1) Sato, Y., Tsukamoto, M., Shobu, T., Funada, Y., Yamashita, Y., Hara, T., ... & Abe, N. (2019).

In situ X-ray observations of pure—copper layer formation with blue direct diode lasers. Applied
Surface Science, 480, 861-867.

(2) Hara, T., Sato, Y., Higashino, R., Funada, Y., Ohkubo, T., Morimoto, K., ... & Tsukamoto,
M. (2020). Pure copper layer formation on pure copper substrate using multi-beam laser
cladding system with blue diode lasers. Applied Physics A, 126, 1-6.

(3) Asano, K., Tsukamoto, M., Funada, Y., Sakon, Y., Abe, N., Sato, Y., ... & Yoshida, M. (2018).
Copper film formation on metal surfaces with 100 W blue direct diode laser system. Journal of
Laser Applications, 30(3).
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Synthesis of porous ceramic particles via phase separation strategy
by Tomoki TAKENO, Ryotaro SAKAMOTO, Kazuki NAKANISHI, OGeorge HASEGAWA, and
Takafumi YAMAMOTO

1. HIEREHN

ZHEET I v 7 AMELOBRFIZIHBN T, M
LRI 2 TRLFIEREC Y A XA l#E -2 —
LWL, o sEREE T s 2 —
MNTEDH, Ll TS OWBERYREM: 2 i1 ‘ ‘
T 5L L HIT, BRORESAEZ EiE CER

% T L LRI EE L,

AR, B2 O R SRR Z 81T 24853

HiAZFHT A2 LT BT v RRFDELEL

BN ARETH D Z s S (Fig 1),
BRI, BIRT e R L0 ERIL 7=
CasAL(OH) A Ru B —% v koA 2z ax  AsBAOH)p
2 — 7 ZBER L, FHHEEL 72 Ca FHOBREIZ K
., ZHE~A TS A MNCIRAT) VA 7 2 F =

Fig. 1 A Fuall—=x> b 43B2(OH) ZHIBEAE L,
. . - BNy fRaR AR A R “ZHEETI v R
‘—7‘*ﬁ%75>1§'f[5ﬂ5:k753m§ﬁ’b7”: 10 S ﬂﬁ*mt*ﬁﬂ%ﬁ%%Jﬁﬁ L2 EEZ a4

FEO TS £ ) StFesOH)n A FoAi—% ZHEART OfFR.

> NRIBEIEN G ZAUE StFeOzs R 7 AT A MEEER T2 ERT 22 L b AEETH D 2, BEFEOWHH
HEZHT 5 SrFeOss (X, —MR(LRFE (CO) REFRMY (NO. . TOMOEEAMYOBLALEE L TH
ATHDZ ENMONTND, ZIE SrFeOss 10 7 AW A b ZHEKIF D CO BV AREEEE 2 FH4 L 7255 5.
FBEFEIC K 0 /ERL U 72 StFeOss s 5 2 &2 K 05 B 47z SrFeOss ¥R & bblE LT, 7z CO FE{bfil
WHEEA T D Z LRSI TND 3,

AL Tl Fe O—H 2B uE TEB LIEZIEIR T A A NEHERR 2 ERT 5 2 Lick
0. EEEWE R 2 B S, fisE A LSS Z LR AR L, BREICIE, a7 A S RER
K& 724 Fal—xy MERERLTOKBERIZEBW T, MFMEBRICEEO LR EMA 52 LT, Hx
72 T DEV L 72 StsFex(OH) 2 ZHIRKL - DGR 21T > 72, T D%, BV X ORIFE & LTAE T 5 SrCOs »
BRI AT O 2 & T, ZHLEa T A DA MR 2ER LTz, KGR EHEELSE D Z LT, Aibkg
A Ral—xy MTBT Dk~ 72 iR O &k IO &2 3 7,

2. HEMRE
2. 1 NAFAH—FRY FEIERADKEE R

Fe, Al, Cr, Ga Ji & U CHIELSKFI &2 Tz, kkx 7238 C Fe L&A 5058 (M=AL Cr, Ga) %5
ot 2 AR S, BIB T ULSER LS ISMNaOH RiE & F145 2 & T (8) KE{bH oIk
B 2157, ZAUUZ Sr(OH) 8H0 % Sr/(MFe)=2 DE/NLTIAZ, IRELTEONT-AT ) —%4— 7 L—
TR 210 °C TC 24 FERIINER U 7o, AR 2 i DA BRI L0 B L, Z8RIK TS, 60 °C T 24 IRFfHRE
BRI TAA Fal—xy MR K 2157,

XAREIFTHIE DOFER, 10 mol%? Fe % Al, Cr, Ga ([ZE#2 L CERL L 7=530EHZ B W T, A Fr—% v b
OFERFADO AP HER S NI, 2D OREIO EEME T HMEE- TR~ v B 7408 (SEM-EDX) #i&$: % Fig.
2 1TRT, BRBHZBW T, FEROKESISIZ L V15515 StsFea(OH) 2 A R —% v ~ 2 HEElOZEH
+ CHEIEIR R LSRR MG O N T 2 L S5, £ RRIIRB X E S5um THDH 2 L BHRTE 5,
Mz T, EDX ~ v BV T OfRERNS . ZRENORFIZ ALCH b LT GaNEENTND Z & AR
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TEDHZENDH ATORIZBWTILHREH D)
L. EEREEDL N TEZESAD, ¥4 71
W77 A~ i3 (MP-AES) (28 EHLE
ERIEb -7 ZA RIS —H LT D
Z e T,

2. 2 ZBIEROTRAHA FSEEADERR

FnA RaT—xy MEHEERL T % Z250F 600
°C THERKT 5 Z & CRERGREI 2 157-, X AR
TENT K 2 Al B REAT OFE R B AT - TR
WA ERERIC2, a7 2B A k& SrICOos & DIRG
W) ~ENGy s RLRG ARESRE L7 2 L SRR S Tz,

TS OBERR BN ST, A HERE - flE T
R VI X DU A ATV B ORI R 25 A R 7 S— e PRl
72 b 2 2 AT OBEERENC ST SICOs DA Ak Fig 2 HIEHAT 10 mol%? Fe % fE#f L TR L 72
PHNCRECTE 22 ERGyhot, $io, BFEEE T FRA—X Y PZEFKT O SEM-EDX + > &
WIE DRER . RINRERIEIZ LY | &3EHZ BT URER (BB Al (FFEY) Cr; (TFEY) Ga.
40 nm HiED A VILRNERT S - L CHEERA  MP-AESIZ XVl L 72 e iE, AlFe =12/88,

10 fEREEITHIN L, 4050 m2 g ' B L D 2 L % Cr/Fe=12/88, Ga/Fe=15/85.

g8 L7z, LLED D, AL Cr,Ga Z#ZNZEIER L= E 0T A A MZmhL 1 OERIZ P L= 2 &
DHER STz,

2. 3 RNHREBLEZILEROTRANAZEARNFOBIREZRE

% FLEL StFeOs. Z AL T3 L O FEO @ f~r 7 2 0 ' ' T ' '
A FEZRERLFIZOWT, AR 2%%E (TGEGA) 77 @ % o) g
BFIC 2 0 SR OBR R AR A TSR Fig 3 S . T\
(R, BREIT S TR T A0 A M SRS | STFeOss ;,w~w~V\w
b ISIE IR Z M LIZ L, BRrREREZITI LBE & . ovh oo
DORHBIGRE R @ 225 2 LA 5, BRIV T, < | AllFe=1/9 L Nt
StFeOns <1 7 A A A R Fe & ALCEIAT 5= £ T, ;g (eiebboicbang -
TAHA MABRE(LL, BRI T 7oy g |SITem1l ,/*’"”L
LT A MA~OFRERIEEBSE - 2IRENEL 252 £ [GaFe=1/9 j
DS SN TR 4, Fig. 3 OEmE %5, £io. Alf#E —00 '460 —500
ks L O Cr BB OB BRAGIR B I RRE T 5 — Temperature/°C

Spusl YL EOE (% o SRE N
i MPAES b G B, srco,  FiE3 S5 5 KB O
DRI % ORBC BT A S wkbliay,  BRSRT AL FOZRS kT
AlFe = 0.086. Cr/Fe =0.053, Ga/Fe=0.145 X720 . SRR O TG-EGA fiift (m/z=32) .
FEHOREHIBWTIL, Ga OEMBENELEWZ X 00o7-, LizRN- T, Ga @G EIN R L LE &7
HEH E LT, GaEHIZ L DRE DT, BEHEDZIENH D rfREMEI R S vie,

& 3k

(1) G. Hasegawa et al., Topotactic synthesis of mesoporous 12Ca0O-7A1:03 mesocrystalline microcubes toward
catalytic ammonia synthesis, Chem. Mater., 30, 4498 (2018).

(2) G. Hasegawa et al., Hydrogarnet-Derived Porous Polyhedral Particles of SrFeOs.s Perovskite, Chem. Mater., 35,
6423 (2023).

(3) K. Tamai et al., Low-temperature NO oxidation using lattice oxygen in Fe-site substituted StFeOs.s, Phys. Chem.
Chem. Phys., 22, 24181 (2020).

(4) V. V. Kharton et al., Processing, stability and oxygen permeability of Sr(Fe,Al)Os-based ceramic membranes, J.
Membr. Sci., 252, 215 (2005).
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Development Plasma Processing Technology
for Low-temperature Formation of High Quality Functional Thin Films
by oYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Takumi UEDA,
Toshio KAMIYA and Keisuke IDE

1. BIREM

77w MRRNVT 4 AT LA OKRBEYL - @R - 2RI I Y . B, 7 L—AL— DT
A AT VLADERRL T VI VT IATNRA AR 2T T T NTNA AL WS 0ERkDT 4 A7 LA LIk
H 72 BREREZ FF OB T2 72T "A ADBFE RO LI TN D, AIFIETIE, FiT A 2O &R bicm
T T RS REVERR L R R B 1 D ARIE « (R A =TT v A2 EZHT 5720, 77 A<l L 5K
R0 AR EZIT> T\ D, K7, BURHR OREE 727 v & A LB 2R B L) -8 A I O AR
ERRIZHENT T, =73 b VU REBICHEMA T I A~E2EETHI LICED ., Ay Zhi+OfaHR &
TR D& S MO Z S22 T 2 BUGHERL T O BG RAMSZITHAE 2 2 & 3 FlaB 72, 77 X~ 3R KOG
PRy Z Y o 7TRPEREM 2B L, 2 E IR TEIWE 7 a-1IGZ0 HIER A EH L D, A
R IX, FROBREMR L8R 2 W Iz EMEE TFT OIRIRERZ BfE L €. 77 X~ st
ANy 2 o R Z VT, EEMEEERAE E L THER SNTWATENL T 7 ZARET Y 7 A
(a-GaO) B A W= N Z o O A X DI &R, & ORMEFHl 21T - 72,

2. HEBR

7T R TSGR Y 2 7R VS a-GaO DR [6]1F T, A28y X U o 7 EEE O W
B I ORI 21T o 77, EAE 100 mm OHEZNED Gax03(FEE 99.99%) DBERS A Z VT a-GaO %% K
T D7D, T A ITRKIGEA Ny &) VA E R RF v 7% ha U ARy BB A ATREIC T 45 &
IR LT, KA &7 2 RAT 7 FICE A ER(13.56 MHz)Z A L CRElkaFEf a7 7 X~
(ICP) #/ERRL. ¥—4 v MIEEKELE(13.56 MHZ)ZHINT 5 Z L2k, ARy XY o FRIEELT
Sz, MEHTAL LT ArtHh IBA T A% AV, Hafiim & 2 b S 72 5F12 T a-GaO IR 21T - 72,
Fo. TOHERET v VgL U THWZHEE R 7 > 2 & H(thin film transistor : TFT)Z {ER L, EXAVFF
PEDRHB 21T o 72, 2 OFER, MRz 2 b S8 25 L BRIEPIRZ iR b 8RR E < BbEE 5

LS8 T L B B 45 1200
£ 54f 1 3 42% 11000 &
Q ‘ o [ ] g
2 i © [ =

53} @ 1 o35 1800 o
> r © [ >
= - @ ® c i D
24 L @ 4] L =
o 52 1 2 37 - 1600 2
o i 1 8 ° ] 3
E L ® 525 W ® 400 ©
i ® O _nm ] =

N S D 2IH““‘ o) 200
0 1 5 3 4 5 0o 1 2 3 4 5

H 0,
H2 flow rate ratio H2/(Ar + H2) (%) H, flow rate ratio H /(Ar + H,) (%)

Fig. 1. Variation of the film density of a-Ga,O thin films Fig. 2. Optical bandgap energy and Urbach energy of a-Ga,O
as a function of H, flow rate ratio. thin films as a function of H; flow rate ratio.
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TLMTEDLZEEHLMNT LT,

LT, INHDOERNEZHFRDL 70T, B EEROEE O R EE R & BN H 5, REED Ha
TERIFYEZ AT, Figl ISR E2 77, H it 2280 S8 TR L 72 a-GaO RO FE L, Ha
TRELED 0%2° 5 0.5%HENT 5 & 5.36 glem® 725 5.26 g/em? IR LB H it &I -
THERMITIHD L 5% T 5.09 glem® & 72572, 7L A L—F—HERERE(PLD) TYERL L 72 a-GaO W T, i
BEREDN 5.2 glem® LA EDOGEIZ DO BEXUREE NG D, BEE O E & HICERRE I TR BB
W92 D, AWFFETIE, BEEEED 525 g/ cm® & EV a-GaO IR A, HEHTR< 105 Qem R THSE (AR
BEFOZ LN, AT IEFE BT AR ENE LN,

DTN IRV AR RO FER 2 W THEE L72, a-GaO WD Y2 KX v v TRV XF—1E, &
T =Ny J XX — By D Hy EEIRAFEORER A Fig2 \277, Ha i EHLOEINT RN Eg 13 0.5%
FTIE 410 - 3.94eV TIHFT—ETH o208, 5.0% Tl 2.53eV & KIEIZHEA Lz, —J5. EdlE 0.35%0D
319meV 2B Ho i O & & H 12 1071meV £ THFHITHEIN L7,  EII=EE (CB) L& & (VB)
DT —/VIRREEDMAE DY TH D, ZhE, V77X v v 70N E RO HOBREEFE L, TELT 7
ZENROKRMEA M 72 CICERT D L EZBND, 2D LIE, & H MiEHEC BT /N &7 Bl
BT v TOFAE KL TWBD, FHARIZ N R v o 2135 LTV 7N 2 & 2R LTV 5, a-GaO
HIEOREEOELAUL, H JRELOHINE & BT 2EaRH 5, I HIZ, ZoE, WEEGERE T a-GaO
M RAET DY 7 X v TORLIUL, BEEXKIE, KFBXREAHY), 7ENLT 7 ADOENOMAEHDHIZL D
HLOThHDEEZLND,

233Uk
D J. Kim, T. Sekiya, N. Miyokawa, N. Watanabe, K. Kimoto, K. Ide, Y. Toda, S. Ueda, N. Ohashi, H.
Hiramatsu, H. Hosono, and T. Kamiya, NPG Asia Mater. 9, €359 (2017).

3. RFMNF
JFRE R 3

Kosuke Takenaka, Masashi Endo, Hiroyuki Hirayama, Susumu Toko, Giichiro Uchida, Akinori Ebe, Yuichi
Setsuhara, Analysis of residual oxygen during a-IGZO thin film formation by plasma-assisted reactive
sputtering using a stable isotope, Vacuum 215 (2023) 112227.

Kosuke Takenaka, Hiroyuki Hirayama, Masashi Endo, Susumu Toko, Giichiro Uchida, Akinori Ebe, Yuichi
Setsuhara, Analysis of oxygen-based species introduced during plasma assisted reactive processing of
a-1GZO films, Japanese Journal of Applied Physics 62 (2023) SL1018.

Kosuke Takenaka, Shota Nunomura, Yuji Hayashi, Hibiki Komatsu, Susumu Toko, Hitoshi Tampo and Yuichi
Setsuhara, Stability and gap states of a-IGZO TFTs fabricated with plasma-assisted reactive process: Impact
of sputtering configuration and post-deposition annealing, Thin Solid Films 790 (2024) 140203.

ERBERR
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