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pH sensing at elevated temperature utilizing diamond solution gate FET and stainless-steel vessel
Hiroshi KAWARADA

1. 2BFEHSALZApHEHD=Z—X
AMMAETIE, RFEAETI ALV ApHE Y4k bh
%0 BUE, pHY U H L LTRIAVOLNTWEF T AE
WA pH Y » i, 5w L CpHBISEDHFHMETH 2 %
VYA MSE (59.2mV/pH) %7R L, pHINE D LE 2 bk 4
BRAECTHEHIN TS, LML, EMREICBV T,
AT RERDHT T AW LY TV H T ADRA L
TLESfEBMEnzon, /2, 7o AEBOWE L, P
WAMERE01~ 1 mLigM T 5 2 & 006 F T A% i
BRI RE TS 5o

Fxld, ThECTHERENEE LTY A Y EY FHF
B w7 — P FET (Diamond Solution Gate FET: SGFET)
OFEEERTE 7 (1) ¥4 YT i, FKiilsh
DEHE, BEREEE, WA AL ELED SN
A HIBHIZEL TS, LML, TNETHFAYE
¥ FSGFET % & 38k R pH & > 4% 1%, &' — b #RIC
NI AEEMHT 5720, EHRAETOIEHIIZBRED
Hotze £TT, FAlZr— MEMICAT VL AR AT
W (Vessel Gate), pHt v ¥ ¥ 7 %47 > T &2 AT
YUVABERIEE VIS 2D Y, oIS E T
I pH AN IS 2 38R B pH 2 » LA b 5 2
LR T, WAITERTIZ AL VA PSRBT W IRIS
MWAEMDZLIHR L% RBETIE, AT v L ARR
L ¥ A4 X E Y FSGFET A/ bE/-LFEAET T AL X
pHE Y HEHWCHRTOpH ¥ ¥ ¥ 7 & HiET,

2. BRFEMIE S 1 v E > KSGFET 8845 0B E izt
M1DFA4YEY FSGFET 2B L-0b, BEM
AP TTIS AT ET LI L THRERBIAYEY R
SGFET % /E# L 720 MR MU T Tl b 207 7 #e o
ThHr7:0, GHOBRERTIIBERES A YE LK

VGS[VL

1. ¥4 YEy NEBEERS — b FET OffiE

SGFET & Hl\» 720 BRF Ui 4 4 v € ~ FSGFET 31X 2

(d) WRT LT, 95T L&) BEELRRECOENET S 2
LD,
F72, W2 @~ IZRTL)ICRED LIS,

MHTHAZHBCTHEa Y Y2 % v 20 LR EFMT
FAAZZ — M) =7 BHEOWIME VD 2ODBLNES
nizo PEARpHY Y Y O—FTh5b ) 3 VISFET T
1Z60C 13 & THEL L < 2 Y %, AlGaN/GaN HEMT T
WRED EHE S TRBMEZSRDT 27720, ZhbHo
PERDPEARTNA R LG RBRDIEER R L720 O
EPHEOENLFHHFITONWT, ¥4 X% FSGFET & #%
HH FETOBERM OB HA S ER L. TORE,
Fory F—=7REhoEnwr 7275 LTRar (=
0.37eV) HERICB W THMHAL L 22 REEAE 2 S b,

2. W& 4 ¥ €Y FSGFET @ Ips-Vps F D
W EARAEE (with Vessel gate)

3. BB TOEMRRIES 1 ¥ E> KSGFET O pH B4
WA, BRI 5 4 Y€ FSGFET HAA O & To
pHIEIGHE 2 B 72012, 7T AEH % Vv CTIDS-VGS
BHEEWNEL, ZIhLpHBISEZTM Lz, T
Rx, K3IRT, BRKIES 1 Y E Y FSGFET I3 %R
T4.27 mV/pH & W RIEIGE 2R L7z Bk o X 9512,
Vessel gate & MlAA D& 5 8K pH £ > Y13 pHARIEIL 72
TNA AV E Lo ZOMERM S A ¥ E >~ FSGFET



3. 80C ToOMmFE#N ¥ A v €~ FSGFET Hik?» pH
RIS (with Ag/AgCl) o

FpHIEIE TH o722 LD,
LDIZRAMEFETTH B,

vessel gate & M A D

4. BT S 1 ¥ E > NSGFET & Vessel gate & #8 &
bR TOEETOpH RIS

WIZ, WRFEHH & A ¥ €~ FSGFET & vessel gate % #ildx
HEOELERERT T AV ApHE Y&, BIFELR
FHOFIMTpHIEISEDOWE LT o 720 TORRER 412
R o

COEFEET T AV A pH & ¥ REE (80T) 12
BWT, 546 mV/pHE V) pHEEIEEZ R L7z, 2O
ZENS, BEMRAICBITAHE - ML e X TOIR
FWREE 220, pHEEIL % pH & v OBFEIHRI) L 72,
SHBIEpHZZF TR MDA F v bV F TRy IV
FTEHELHITMYHLA T,

5. ZEXHM

(1) H. Kawarada, Y. Araki, T. Sakai, T. Ogawa, H. Umezawa,
Electrolyte-Solution-Gate FETs Using Diamond Surface
for Biocompatible Ion Sesors, Phys. Status Solidi A, 185(1),
75~83 (2001).

(2) H. Kawarada and A. R. Ruslinda, Diamond electrolyte

solution gate FETs for DNA and protein sensors using

4. 80CCOMEMu ¥ 1 ¥ E ¥ FSGFET & Vessel
gate X HlA GO EFET T AL ApH Y ¥ D
pH IS

DNA/RNA aptamers, Phys. Status. Solidi A, 208(9),
2005~2016 (2011).
(3) P. Bergveld, Developmentof an Ion-Sensitive Solid-State
Device for Neurophysiological Measurements, IEEE. Trans.
Biomed. Eng.,BME-17,70-71 (1970).
K. Nomura, Y. Ujihara, Response of Oxide Films on
Stainless Steel as a pH Sensor, Anal. Chem., 60, 2564-2567
(1988).
Y. H. Chang, Y. Iyama, S. Kawaguchi, T. Takarada, H.
Sato, R. Nomoto, K. Tadenuma, S. Falina, M. Syamsul,
S. Yukihiro, J. Suehiro, H. Kawarada, All-solid-state pH

Sensing System Utilizing Diamond Solution Gate Field-

(4)

(5)

Effec Transistors and Stainless-Steel Vessel Gate, Sens.
Actuators B Chem. (submitted).

(6) J.C.Chou, Y. Shin, J. L. Chiang, Simulation of Ta,Os-gate
ISFET temperature characteristics, Sens. Actuators B Chem.,
71,73-76 (2000).

(7) K. Niigata, K. NArano, Y. Maeda, J. P. Ao, Temperature
dependence of sensing characteristics of a pH sensor
fabricated on AlGaN/GaN heterostructure, Jpn. J. Appl.
Phys, 53, 11RDO1 (2014).



/NHRIEFIFFE S

F 4 OWFEETIE

CHEFARELGER EANOBME ZoTeNT O Y F 3 —
i o %, EPRMER TN ADISHIZBE T 5015

- k- OERUC BT B BEgE

- B BLK K B O B 56

2 O

iToTWwWhb,
LAERE AT - 72TFZ2 D 5 b F /) ki F O /8 & k& it
B HEA S 2 NAEICOW T FIC R 5,

SO AR CREBAEDTTREL K — W I ViEx T
Cu,ZnSnS, (CZTS) F /7 WFA2AER L, BWEAIZEMT 5
CETHINTA Y7 RERL TV D, T OB 2 B
%, Seft7=—n7utA%EAT S & TCuZnSn (S,
Se), (CZTSSe) KFEM N E % EH L TW5, #BED
e Tid, KERBICREZ Y F¥yy 7EnwbhTw
2%14eV O KB BEBOVERITEII L T %o £z, TUA
) &g ALEY O NaF 23 % 2 & TR O RIE 2 2
FARY) L7ze LA LRBEMMERICE LTI, +o%
AR EMMEZ 152 2 & MR o 720 CZTSSe SEWLILE
ANaZ I L 72K, BRSNS MO RIAERY I X
) CZTSSe Kb il &M EAHIR S TV 5 2 LAt
JERTHAH ) &EF 2720 SefbT =— 7Tt ZAHIEK
IUE N~ Na OIEFAGE Z D, 435 Na A3 FE M 12 Yeda
To 2D, NapERIMEEH->TLEH I & TCZTSSe
DRI DS T2, B BOS A3 AE L Cu, (S, Se),
Zn (S, Se) 7% EDRIEBEMATEE STV B D TIRZR V)
EFRTe 22T, fidMEER R LS00, HIAERYE
Z7zNaifm G o m#Efb % XY, CZTSSe WIUE &
mBEbE RS Z & TREEREEOUEE Hig L 72,

HZEZEAEL IR MY ORI ESTH Y, BUZM
MPELDIHV, SHICOTHNOFHFNEZ KT LI L b
WEETh L. D7D, KRIEEIZHBIT S NaiRmhiid NaF =
REAFERA L7z BVERWABICA L %K E LT,
Na2sSe b7 = — VHIZHE S PEZ 0] L &2 5 1255 &S
T BB, FRo 72 Na DB g RO 2 AR 3 5 2 & aF
JRRZE#Z 2720 22°C, NaFOmZEZEL, SLIUEo
I % 2 b & % & TR PR 1)L & Bl A B o 3 A%
TEBPE 2 HE L7z,

72, NaF % CZTSSedii bl A § 5 &, BRI L
7% 5T, NaDIBAR TR 2TRENH S, &5
(2, MBS n B IS E RS % 551 NaF % 2%
5 LI L o TR ISR EICER ), A2 1
KLTLZE ) WHEMEA % 2 72728 CZTSSe JENINE o v
HICNaF 2S5 & & L7,

NaF 2 G BUE (2 RIS A L, CZTSSe Yt e
DFEIE%0.5um A 5 10pm F THR S &5 EEEITH 720,

X1 NaF Z SEWUE O P ERICEA L7z

TV OREREX

2 CZTSSell2[u#i ¥ — 7 FWHM o & A JE I ARAF 14

FmTEOM EDBEEIZ L 200, NaDFNMIL % b0
O XY T LULENS 720 £ T, NaF % CZTSSe
FEWIE O RIFRICE A L CwiRwnd v TV ofE#
1w, X ET o EEIE (FWHM) o gz 17 - 72 (K
2)o CZTSSell2m [l ¥ — 27 O FWHM & B 12D\ T
Wi 24T o728 25, NaFZ#E AL TWA WY v 7V,
FWHM %%0.27° ~0.34° O TR L T 275, BRI
P9 SRR L OBIRIIAER T E B o 2. F KT A
JTid, MBE % EORREHE L EE, KRy €%
PO OBE RIEOVEHAHE L vz, RENZLTY
IS VB LAV EEZ SND, )7, NaF %
AL7zH 7 vid, BE05um A 5 3 pm 2 A1) TFWHM
AH0.13° THER L T 525, BIE 4um, 6 pm Ti20.15°,
0.16°L D ENTIEH HDBFWHMABKEL o T 5,
F 72, BEIOum TiX0.27° & 2 ), 0.1°BL L Athod R o> 4
YITNVEDFWHMBPREL o TW5h 720, #atEsd
WAEAL TS, SNOLORKRPS, BIE10pm D
YT NAE Nad B C & 9, BEAR R SRR R I
EORPoTDTII RV EEZ T,

B 312Sefb7 =— 7 at 2z 5 CZTSSe Ek
WE~DEH OGN %ZRT, £7, Sefb7=—n 701
A CZTS S AT B O FLH A & Nadh i Asiie & %, %
DB NaASCZTSHr T-[d L o R ChiFY) A i L,
CZTSKH. T DR EZRTICTIFS 2 & TSefb 7 =—
Tat A OiRE (600C) TCZTSKH T %##RT %, 20
KR, BEEET 5 CZTSH TR LA S8, MlEET &
BT EZ2TWh, M4 IZIEE0um © CZTSSe YEMk X



AL BEME LTHEZTWAENZRY . BRIE10um
OY Y TVTRIEEMREZ S 2o 72K K E LTI, Na
DIEFNIAE Z > TV B DY, NadsCZTSH T Dz T
L5E9% 7Ty AFE LTHRETAICT o E» <,
JRER TR ENRE 2o TRV L E X
720 BARMICIE, Nadiifiiz CZTSSe G Hb & o 7
HRHETHE L2729, Selt T = — )b 7'\ & & 2 FHf)
WD CZTSHT-FAETREG L, ik L7z CZTSSe ki T-12
ol LA L, BEEHC Na2 ST 2 112 Na DI
WL 72 2 & TG ER 0 CZTSSe ki ¥ D ki ik EA5E & 7
Motz ZT05h, TDw, XRDE-20 ME D55 H
HECELET 5 2 &ATC & B BUEOKE 3R E L <
W \WCZTSSe b1 CTd - 72720 FWHM VK & K T o 72
DTIERVPREEZTWh,
WIZEIVER Y OB IZOWTHE L7z, £3, K51
HHEA > 7V ORI XRD O W ER R % R T BREIFE0.5um
DFEA 51344°, 61T ICHE A AT Y — 27 SN T
WD, BE4um P EORE TIZHE L Tz 44°4
EOMPFTE—271%, CuSelTBHLAdDZELEZOLND
25, 6L AHEDOBITE — 7 1ERPZFEETE TR, KIZ,
0.5pum, 1pm @K TIZ29° M3, BEIE 2 pm, 3pum DR
BTSN 2 [P E — 7 AREE T E %o 31941k
DSnSIZEBHDIELEEZENLD, 29° T O i ¥ —
ZIZOWTRFAZICE->TWARV, INHOERLD, #
Pl 72 Na2SEAE L T 725813 CZTS O B G USRI & -
THIAER DS E L7282 Tnb, 72, EIARY & HEMN
TE&Z AP Y — 7 (IBEA 4 pm L EOFF & 720 6 138
BEINLh oz INBXRD DA RS 5, NaF HEfERE 2
600nm & L T CZTSSe &I O BRI E A L7234,
CZTSSe I 2% 3 um LT O & 7 v TR B A5 AL

5 NaF Z M RRIZEA L 72 CZTSSe Jg o
JAIBXRD 52 524

INDZEDTIroTz,

CZTSSe Kby it > PERE I B> 7z, Naifkhn & &l 4wk
PoBHENZ OV THRE L7z, #% & LT, XRD, XRF,
SEM OlsE, BIEERR A 5 CZTSSe W ALE OB 6 pm
XL, NaF600nm HEAE S &2 & & THEIA R O %
MEL, WEEEMESE2ZLTEDEOMMICES
7oo ZONWIUEIZ & 5 CZTSSe Kb ZF R L7z & &
%, FAEERMESKE KLz, LaL, SHBE TR
(EQE) OM5EA 5 KPRt (CZTSSetll) TOWIURK A
REVZ EWG o720 —AALE YR EBRFG BRI
WIS DAY 1 ~ 2 um T %A%, AREBR TR L 724
YTVIIEE 6 um L H Vv, SO Z LX) KT
HPUEABE 2, EIAHEDKRE o TL AR
T eoneholbEILNL,

3 Seft7=— 7t 2 NadlifithsCZTSSe B = % k¥

4 JREENIET E 72356 0 CZTSSe JEWMUE D Na i il



/ANZRIEAF T
eI I 7

=RITHEAE S D

!

El

1. EU®IC

F A OWRETIE, FRISHELET 2 8720 Btk o6k
NIZIREBICBIR 2 F7 5, M oR Y, JEFRRRE, 3512
u%ww%kwvﬁﬁ#%,%@%&%%%ﬁkbfwéo
ARAEPEE, PSR & SO R O T s 7 R o
T, BB SN T2 8EREIRTE, RIS IE20[ A0 75
ﬁ%ﬁ#% WICHERS ML ARTE A HLY B TIFgE %2 47 5 720
BARIICIE, ANO0BEREZIE LM ET VE W,
ﬂmﬁﬁ%mﬁ%#TT%%imﬁ&@@%%%ﬁto
L7z & 91e, ZkocHERIRE T, HRoxRTik
HEB X O BEHHEOMEICOWT, ZOWhELTLTWwAS
[1,2]c 2o X9 Zefinz o ZUocH#il FkE Tl
NF CTIZPAIE FAL L E N 2 A o He SRR A3 s
SNTBY, ZOMKFEWRELE LT, ZhodERRIR
RIS ESH O ICBRT 2 BCHUME, $abbRr—Y
Y UDEAET B BARIZIE, PRTOC- 25— ¥
7, FRTot-A2r =) Y 7O HEPRB I TWw 5,

-
,y =

F72, EHEOBAVCE L TIE, SRCk R TIRES
h&wSE%ﬁﬁETé:&f,%@%%&LT,E&%
WA IR I 20 A R A R T S L IC e B S5

;h6®%ﬁKWi SUOCHERE SR B 0 T RS S
1Z, 20MARFRIE AR AT BRGSO AERE T2 7 A
Y — DD ME SN T D0 KW, Bergman 7 7 X5 —,
Mackay? 5 A5 —, BLXOTaiZ7 7 A5 —LIFENDH
kﬁ%ﬁax&—% ZOBELTHEIFTLILENTE S,
R DOWZED SRICHERE FIRETO BT RSN, 6
ﬁEﬁiﬁﬁ%%Bﬁn%ﬁ“ﬁ YA EIEoTHD
ZLNTE D, ZOWE, HEIFEHEZIFHOT2HEHT oM
BUIGHE IR T 5. SO L) RO, KEFETIE,

ZRICHERE IRRE OUF A PR S 2 720, MR E T
VERET D, BARWIZIZ, ZRICHEEHIZB VT 6D
HARP TR PVEMEL, ThEEENZ MLET S
BEWEEZ Do FEEE, O E T PRLER: R
EAVR TR F IR OB 2 R A S,

2. BMEKEETIV

2. 1 PE=RTEMBBIRE TCOERPFIEFNT ML
REFFETIE, BT TV % H W T = RonHE IR RS
OFERFIEM AT T 5. ETEMMOETIVCTIE, K1
(@) WRT XS, HPubdsi W@Eﬁ&~ﬁTél9E%
owmybw(%%mx ;n%%$ﬂ%%«7bwa0:
1~6) LIET S, ZOR, S TREOFEMTHSIE

0[O HLE, IE20i AR FREEZ A L TR Y, 12869
A4 MEIEN S, KIZ, K1 (b) RIS, &

1 AR TR bvg, L ZWITHERTO

FEENRT PV e

R NT PV & ZRICHEZER T ORRER T IV (ef,
e, e) PHWTET, BonX2 M1 (o) T, tid#E
o 3R Flgat=diE L7z, AT, 7
HCER L d* 2 VT, 6 ODEAMKT XY ML
T2 A=) ¥ 7l BE Lz, BRI, K21
R A — VEBK L =1+ 1 O SRANE 7= BR
MHNRZ MVDERRD I, FORE, TRTODIUIH L
T =T°d* DS [ 3.
LT ERMER L. Z
DML, el
FARMAEF R PV
P = T A SRR
350D THDZ
EBHLNE o T,

K2 PREERFHETHORT —

24t

ELE B

2. 2 PE=RTELRZREDOEFEIFEMN

6 DDOIEARNHE TR MV EF VT, PRIHERENIRED
BT MPFRE 25 Lz ARFgETiE, DMoRsXz [
WX PVGEOENITNS LA BEE, TOEHE
ﬁ%%ﬁkaL MTOGA ROz, 22T, BANS
DWTR—HOADEEED 1R, ZHOMMP 2K, ZHO
m%ga, & L7z BIHGRIEICELTIE, REOKE
ZREHI EMATRED/N S WE L, & SIS DRI IIA
DRESIWESTEB Lz, Thbh, TR VI
ERREIIEA L, ZofifE LT, FHEICE o THRL
BRI B O TNE R ILE LTERENDLZ LI b,

G=Y5_,hjg; (—l<integerh;<I)

BI312iE, 6 2DMERBKTF T PV EHCTEEAL
7z, PHRI=ROcHERE FRBOBFHITRIEEZ R LT b,
%%ﬁ@x%ﬁmu,ZEw,5@m,£;w3@mu¥
Ta)im, FHEICHwZMERI=16TH 5. FdFAK



FHSEIC & o T & Ui PRI ORI
B (RARIEFEBRIC X > T & L7 FHTRE)

X3

X, FEERICX > THED N, ZngMgSc ;&8\ 2815 PRI
HERESREOBE T HFKIETH 53], T FWE O
5, BRI X o THEAKEIE, WZ2H o RGO E 72T
THL, HOKNTRLAZBIREIZOWTD, Zo#
ERDICHBELTCWS ZLHf I NS, &2 CHKE
W, KELRBRLTRLE—RO Y g, 13, 2 EHA
WORIFHILOAGFEAEL, T 72K 00038 0 S Tl
LWZ ENGH D, FERE WD o 7o — KIS O E X
4 sinG/A~2.6A" Th 720 KIS, FHETEZEFIIES
PHRIMERE RIRIED ©° 20— ) ¥ Z G723 E ) o
THE L7z B41E, () 2 MEOFHSIRE, b) () oI
Bt hz o B LI KRE 2 BRI DTH %,
T, B (@) ZI=1208EIC2WTEEEZT-> TWw b,
Ok, BRORY, BlZENEHTRT g/2 W iED
WNELTZOOGHIHHIN TRV, £F, () ko
HIRE O TH > 2o REHICERT 5, 2O, £
Wieh rHROOKEIIR 3 TG, Thbb—RKXST
HY, BEE K2R WO LN TH 5,
K2 (b) TIE, (2) TOLEMOIIRERES K52k
CEDVROE E RG> TVWBL I LRGP b, DL
3, (a) TOWREHOMENT g, ThbILERL
T, (o) 12, ZoIkzE LA 5 mEZHE-> TRA
FTAHRPORTZRLT WS, 72, TOREIZI=161C
WM HLDOT, TDwg/2fFEONE T o0 R4
(D) DHBLTWD, ik, t°g—git@ElzLT
g~k iy, PRZROCH RO - 25— v 7%
BHZENTE D,

ot H
7T BH

- -
[N,

M4 PRIZRKTEKEOC-2r—) v 7

2. 3 PEIZRTEERRENETFEENT

PRIERE SORRE O 5 T8 BE A &, AR X2 by
9 ERBHNRZ PV ET LMW, T bbb BEROERS
bELTHRZILDNTE S, KI5IE, HEp, (r) B
IR THESO (r) OFEXEZRL TS, 22T,
P TR L ZEREROBFE IR B LT, ERIRE
A, BHZE G L, ReFAFEMNOEEHEEL TV 5,
K 61xA,=1, ¢,=0DREIHO N TFHESAO (r)
D 2 N EE 2 W CTh S F72RIE & AAHOM 2 5,
JEF RS AT DI RAEIE 6, BRI KRREIT/R L7 BT
HY, EEETOIEMY A MIY2b, £ THEGIC
FEWVI2BALH A & B B S22 T O & MG L7z
B, MRECRSHEOMETH S Z Lotz T2
12BEAEH A S O LT, fERFEmIn T3 20
h, 3, I X OV R S NS, TS
DT 5 R T A N OEEESE L, TD720Hik
EDWATH S 72H A MIHIBRL72e 22T, BIHA2I12
BEAZH A ™ 2018 AR B 2 R D 222 TOMIETH 5
Lo T, PRIZWICHERBIREO R FESNE, Z D12B0L
FA MEBGERDP LR EF 7 T AF—2EL I EIZLD
B ENTE S, FA=ZRTEGHREZZD, Ihb
DOFEMIIR OB IR T S0

5 PRIZRITHERE ST OB & FF %

6 PRIZRICHESE TS BT 2 BT BE 745 @ 2 [nl il
VAR 2 T & 1200 A b (JRED)

SENE

[1] D.Shechtman et al., Phys. Rev. Lett. 53,1951 (1984).

[2] W. Steurer, Crystallography of Quasicrystals (Springer-
Verlag, 2009) .

[3] Y. Kaneko ez al., Philos. Mag. Lett. 81,777 (2001).



e

ERRICE T PARE RS- 1 - ToE &

WG HCOBET 2R E AT 2N, B> S’
5, BERE Mz ETRIA W ToIEABRE I Tw
o ETFMEO TR LGRS EEZEAT S S
ET, BT LAV TOBEDHR Y K LR E
b0 LrL7adss, FEEOBEIIETHO RV EEED L
HTh), 75y rnEn<s aBHEOBEICIEN
WP DMl b LBEE 2 %728, TOPFEOMTIZEIIT A
RN I EFRREMENIIE SN T Wz,

MR T CTHDHRY) P axH v 2 KT 5 Si-O-Sifh
HlE, BB - AL REEE AT E0 ) TR, T
WML ET S, Ty ) a—ryTazHwi:HOBEM
BoWMENRL W h T, REELIE, F/LXVOTY A
J& & FUHTG A 0 F A 50 % 7 X T a0 MR 7
Sy 7 OHCBEMAET A I L2 ME L2, BRIP DK
LTI ATHEIWMET 2L TY Ty 7 HHI%ET
b0 LHLGDS, BEWEELRYZ 7 v 7 BROFNH DI
BOESNTHEY, S SITBEITIEAIREI0% Ll o &0t
PLFETH - 72,

AT, ARAEBRTVaXT Y5 v RETGTER
EHWTHER X U RT A THBEAERL, ko
)RR CIEET 2 2 LT E LR h o 2 A RHFHO
799 NI YVRBEOFAETTHBET LI L E RN
L7z (Scheme 1)o 512, BWAUMEAMIEA AT A
SUTEMERGT A LIk o T, HOBHERED Z 4
L%hs, BEOME L ERA~OFEEEON 2 E g L7,

TOOTNVAF YT NVENRTFL U THEE K
M7z 1,2-bis (triethoxysilyl) ethane (BTSE) % FLHIiG 1454
didodecyldimethylammonium bromide (DDAB) & L. % ) —
VHTRA L, BRUESMT TR H S g7, fBonzi
BHEWRE ) I VEREICAE Y a—- T HZETIAT
Wi DN MR L 7o VRSB L 22 W OB 1L 1R 2 B 1)
H (WERLEE) 2#WAE L. £/2, =F L v EDSD
ZUAGHRRIE 2 A L 728D MR IR L, 51 R B
IAS P i 2 FR A L 720

BB X HEGEL (GI-SAXS) 787 —> X b, fERL
7o LIRS BN SR RN AT ICELI L 72 T X TR %
HE DI EDPMREINT, A—TETICL o THE S Wz
7Ty ZIZHE T CRERLA (90% RH) #11-7-8L 2
5, 79y 7 REIBIET 5 2 LA EMEIC L D
ATE7 (Fig.1a, b)o 51T, BHELAEHOEMmE X
OV % =A% 8 T 73 eE (STEM) THIgE L7z L 25,

WIS AE B L T A BT AR S e (Fig. 1.

o do COMEBIE, YUAIDLFHEAE I OFY L
BASRY, POBVEBEEE AT L7720, KBS,
CR LI &P, R OHREE (60% RH) T 7
T 7 DBEPHETH - 72

BTSEDftbDIZ7 ==L VIR F = L VI THIFS
NETNVaFT v Ty 2B B EHCIBENES
XGPS NI B 51, RGN 5 FEoE
H (#924 nm) ZBZLELOABEBE T VaAFL VS
Y EBTSEWXCIMATHRINTAZ LT, HEOF I 4 57
T — > a YHEEAN0.47 GPa 25w K25 GPallln+ % &
Wb olze SHIT—7HEREBIC LY, MBI
ANOEERM E LW S ol HERTHELLV D
FHUBBAAREICL > TEBINMBRLEZOR
7oo INHOMHELY, HEE HCBETRERH L Vit
I—F 14 Y T OISR IS,

(a) BTSE £ DDAB % I \2 725 * J #iJE o
WL (b) BRFHATTOMA RSy 7D
BEA A=

Scheme 1

(a, b) BTSE-DDAB # 7 I /K 7% 5 WK & 701}
(25°C 90%RH) Fii & DL HBFIG; (¢, d) 7
7 v 7 ®SEMA& } UF W 1 HAADF-STEM 4.
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Figure 1

[1] S.Kodama, Y. Miyamoto, S. Itoh, T. Miyata, H. Wada, K.
Kuroda, and A. Shimojima, ACS Appl. Polym. Mater. 2021,
3,4118-4126.
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Figure 2 AMfFED A F— 4. Reproduced from Ref. [2] with
permission from the Royal Society of Chemistry.
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L O EFEWiAE W (Figure 3a, b) &0, 7 FHEEA M
T2 LR RIBHHEITL, ZILK (GSN-1a, -2a) 3%
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(a) GSN-1a, (b) GSN-2a, (c) TMA-GSN-
la, (d) TMA-GSN-2a % FZWpizg it (O
A5, ®Bias) & (B) MFLEEST M. Reproduced
from Ref. [2] with permission from the Royal
Society of Chemistry.

Figure 3

[2] T. Hayashi, N. Sato, H. Wada, A. Shimojima, and K.
Kuroda, Dalton Trans., 2021, 50, 8497-8505.
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L, 254umEE L7z FxET) —NORKE 273K %
TE - BEREL, ZORICEFYET Y —KHA2 510
mm O AL E XM A RS L, FAIERG0 s 12 THOLX M %
R R L 7ze SRR oM 2 X2 F v S Bi Lafit
GREE L LpMIREE R SN L, JeE ORI 4, £ TOMmEE
DI ARIREENOTFUNRNE 74 v 74 v 7L, K
BFI 25 L2IE U 72 BT O UR B 2 S L 72,

BiLBY —27iEnNy 2 75 % v FOMKBIZ X V) Bi
Lofi& LB ¥ — 7 IR Z HBLL, 2 00— 7 il
B A REIC L7zo Bi LafiilE & LBMRE O 5 58
L 72 W OIERAR B O A BHE ¥ — 7 1R & $R AR
DO ERL7Ze HE =27 0SB LZHEMITE VD
T4 YT A YT OBREHBNTHL, »OMKYHES
FHUS L 72 & 0 BN T OGS ISE WEAHE S
Nz THCE DNy 275y v FoMKE B LT, 4t
XMW & 2 A8 IR B 52 fif O s % 1) b L
722 LWL

4. Ca0 3 DIFBMRIC L BNIEBEEOMERLIER L X
HZR L

NiZEBEAEEIIAMI E LTET T B (S) i
AL Z RIFICIK T 3%, 8% Ca0b 03B MHT52
ET, SHEARICERN R LWLt LT 52k
PN L. LAL, FHAESITHROMEELIZ <
AN Z ALK TH o720 RIFETIE, REMHILS
T Ni-9.8wt. % Al 44 % FV T CaO % DRI X AT
B O A=A L FHLNICTHIEEHME L
72o

Ni-9.8wt. %Al &4 % v, ALO, 2213 % CaO 5213 %
FAWTEREL, 1600 °C 15 min, 6 x10 *Pall FTOIENT
THML, 200 mm/h OFEBETHE T 2P o8k EZIT-
720 BAALINIZ1300 °C 5 hia AL L 720 512870 °C 20 h



AL % i U 7o BVLE 1% I1CICP-OESIC TNi & Al%
GD-MSIZ TS & CaD A HT % 4T 5 720 REAFZHA T
1100 °C FiRBF Ih EHH I hZ 1A 2 Ve Laih K

U LREE %2200 1 7 Vv E T o 720 72, RAFHA
T1100 'C 1 ho AL ER % 1Tv>, FIB-SEMIZ X 5~ 1 7
Ty FY v R TR S BRI & F6 R
#5@> STEM 3R 2 VE5L L, ER{LIEE £ o 7 i STEM 1%
MU EDSIEH~ v 72 BU% L7zo SEMBIZHC L ) CaO %
DUTVEIREM B pum ONTEY) % BEUR, #ERR L 727290,
CONAEW % E ATESTEMBE O /ER L, MTEW DML
B3 % )58 L 720

Ni-Al 54 % H\ T CaO % DIIHBR S G E O ERILN: %
MEEELAHDZALIZOVTROZ ERHLNIT LT,
WP DOAINCa0 B 21FDCaO % 5T L, CaRsisyh
WCHEHT %0 CalBRFWS E TV F T4 b s
ISTHRIG L, CaSAHIT %0 CaSIZRM & l~FEsES
iEERE R, HERSRAUTEICTRNT 5, ZRITED
SASEEM AN [ 2 S, BRALBE & R SRR mAT 3 5 2
LEMZ DL TR HIBEEDS I Z 5 b Z L HTH
L& kol
5. NiEERREBELDOSRIFEICAHMMTRPb I E Z

B

Ni &G 413 Pb R Sb 7% & O A AT 7T HE AR
BT, HBVIIMTTE VA 27 VB cRAT
LI ENDHL, T LiomHER, NiELHMEEEIIB

T, MERBFICREN S22 Tr ) — RTS8
HIEDNHEINTWS, T2, LML ICER
ZoNiEHAESBEEOMEH IR L TV D720, Hi
AT BRI TR OB L 2 L b E
BT Bo SBATHFIEIC BT, NidkHRs ol & 42 Sb
HLL ppmEEN TV BHE, 7)) — 7RI T LA
A, WA T2 MG SNhTnd, LaLAAS
5, PbASNiZEHE A &0 7 ) — THE R R L &
Vo 2RI S 2 A B RANTH D, 2T, K
FETIX, AHITTHE D Pb AT Ni FE AL F A A 4 o m il
252 b BoHE HE Lz,

Pb R N Ni & Hiih BB A4 £ Pb 0.9, 31 ppm i A
PEEEREBEL, MEOBUEEIEL 72, INHDEEIC
LT, 1100 CT1hi#E L 1 hZE 3544 27 V%300
W47 9 # 0 K LIRILABR 2 1T 5 720 £ 72, 1100 CTT1,
30, 100 hPRFF 3 5 MBI REB 2 1T - 720 2 BT,
b5 D0DFEMTTOr ) —TREREAT - 720 £ HE AR
121, BELIE A SHBkOBIE: - ST R AT 5 720

MoK LELABR T, PbEAEDNEL L 7D LB
D HNEEDMAE L 720 SFIRBALABR O R 513, Pb EE
(LRI B L 52 W2 EDSHER SN, F72, WL
BEORERLL PO AR & 72 A2 > 72 %%, Pb %31 ppm £ A 723K}
T Po#AIMOGFE & 0 S BRALE/ B REIC LD Z o
KA RO L 720 o T, PbZ & AZRE TIRmALE

ELgA

DEF IS B BT L2720, BHBILPEATE T L
It ZoNb, ~HDz ) —7TRBICBWTIE, Pbid
7)) =TT OLEALE G SR S kol Doz
L7, Pbid NiJEHE R A & OB BT Z 5T < ¢ 5
A%, 30 ppm S T M BHA TS 2 1) — TS I3
25 AR LR 5D,

6. —AHRABEEBAWEATORERIC L 3ZELRR
CZDERAD A H =X I

TiC A DAL B2 W T ALTI-C 2RI L 72# AL
BB [ RLRE O B L AS S S, ALTi ORI X 5 &5 Sk
DORAIL & Sl O EB RSN/, LaL, Bz
TiC OWHULENRAARHTH D, FhE S 13 Ti6AV TIZB
W CIETIC ML CF 5 L, RN G/ &t # V%
WA S5 L WSO EBEL S L7275 HMAL
DX EDRBRED G/VTHITER AT 2 D00 5
M7 o TV, RIFZETIE, TICORFEZH LT
57201 ZHE AL TIC 1.3 mass% Z N L, —J5 ) F2 5k
AT o720 MRIREEABL - B RH T — Jr BN L7z
Wi\ Z BT L BN 2 BI% - AT L, SR L AR O
BEEOBIN A O TICTEH D JEK ZH 6212 L7z,

AU K +TiCH K (1.3 mass%) O 2FFH DR A K%
AI0707 — ZICFH L, A —FRVHIC AR, TV v U=
YRR T—HIEFRIZRZ T, 37 0RO MM
1t - SRl b B L OSSR OMEBIL T 5 7 AR LA EHE
L7zo FiE LCTl21.3 mass% D TICE ML, Sl H B
V#0.083 mm+s ‘A 505 mm-s 2 I, BEARG#%8.5
Kemm ' 569 K-mm "W FIF5E, VOZALIZHEST
KRR DT AT B D269 51.3212 (GOZEALIZEE -
T5172251.6612) 2L L, AR %Mkl 720 —
75, TICOTMIZ LY, MAIOERE~ v 71281 2 51
FIIIEL &Y, 313 Kes'mm 2IC#E L7 FRIEAT T
BERERL TIC IS & ) B B RERE I3 IR L 72720072 LB & 2012
L7

7. HEMSHERT A R—SXEBICH I BRENARE

e

Hial e AT K- 7 2881, [ILETHINET
17 72 J5 1) T RERE S8 R FE 0408 1T R T LR % 5
D, —HT, TILETIM & Tl S50 Tl R E ST
T 5, BB 2 % 57201213, KILEME O
3y (DUF, JEMEA) AR RITTRELHL T
BLENRH L, £ T, HNERILEHT 5K—7 2AE)E
EEILE BB S % B —J AN L AT LT, W
FHBEFHDO—>TdH 5 Tsai-Hill I D@ 2 3k dr B o ARFE
TR L 22 SILE BT 2 K= I ZAERBICBIT 5E
MR QMG AMREEEZWS P ICT A2 HME L,
faklr B L O U0 kB 175 72,0
AFHTIZAG061 44 % v, 530 C 24 hif o BEsimn
MEIT o572, ZOHBFYIVINLIZEY, HE3Imm ORI



% 4.8 mm BB TR AIRITEE L 72— 3825 mm O 3R
Bh A e L7z, JEMifIZy e L, w=0, 30, 45, 608
X 0%90° @ 5 o FRER ATk LIS H 790212 #E3iL L 0037
FHHPEO.]L / min DIEMRAERZ AT o720 T72, ALY BRI
B L T Abaqus/Standard 2018 % F W CHBREFRBEIZ L Y ¥
Salb—vareEirols

JEAERBR D S # S MM — O A#IEX & D0.2%
iy 725 LR & L7z EOEMMA 2B 5
FefRBREz I, I — YA DBERSEM 2 R MERICIR L 72
Tsai-Hill ANZ 35\ T, BEIgEampRe & FefRoR B 2 i & 4 2 725X
THEREICTFITRTS S LR Ehiz, 22T, Fllic
VeBE T AW AR I3 AT ) — OV AR o g i
Mgt 7y FLTREL, T4 71y MRIE, 7V
7 OFEANE I —EADEAMOTAIANVF -G I D HS
N5, EHOTHRETAMOTAOMBRANLRELZ L
2R L7

8. EERABIRODIE NIIEE B R

RIS D & AW TR AW O RO ARB
RIS ELTEY, BEPFOKEMREATSILT
BADVTAET HENBEOBEL D 5, B AW IENL
W 2 2L S B EHEDO—DIZERIRE X V¥ 4 b (0)
DA D Do 01T & B IEVEBIERB L KERHE T A b
ZALIZZ A BET SR TWw B2, BRIR0 Bk S  o %
AR TRBEOFMAMEIE SN T, £ 2 TR
JETIZERIROMT HASBNBE O F A TSR EE W &
3562 E2HBE L7

B L L CERIRO D A DI OF BEZ H D D1F1T%
LWBRIREE & B & LB L~ VT A T+ (Ms) it
M L7z, AL L, EBSD X ) ERIReEMA O O§
A WEL7ze EEBOHARI M EDO BN & KFE % LI
U BRI % 0 U 7z SHIRIBEBRE AT 12 & D IREE LS %
IR R % U L 720 k1T 2 SEM TR L 72,
ERIRO DT HNE96 h DL THEEA T4 2 BIREIE 2 K
T 88720 BRIROHPTIZ & K& 2RI 254
A LTz, ARERERR & D ERIRO T & 2 Kk FEhk
WY — 27 NS T rze LI TIEERMICERIRO &
Wz 25 8 & tze BLE & 0 BRIk 0 AT 13 2 s

DIEEHEHIISEDLEWLPIT L. THUE, LT OfE
FICE B EZEZ LN L, FRIROITHER L MsIZRFTALTE &
b726F FRIRORLEIMEIIL, MTHEIZAEL 5 6-MsJE
BEMEIKRT %o RIETHRLIRGMIIRFEBTRTETHRA
FERZEHIZT o FRIROEFDORA FASREE 2 1) B
R L Ms b2 MalEr 2 Ess§ 0

9. EEBMABEDOEZICHIZRAHN

25| M F ORBIE L T 5 —J7, WO R
SWMATRECTH 5o WAL CREF NS E T 54
SR IRA L, AT MU d 5 BLAARATE L 725 ok
DOERIHIET AT L PREINE, LeL, ZBHIEICE
WCREER T & R S LD BRI 5 212 % o T,
Z T TARBIZETIX, FCCHEM O WA AR 1249 1
i & % B AR EMICONWT, EhikIIalb—Ya i
L& EBONEOMMME /TN EPAL, Y23y
MRFEEHET A 2 LT, ML E NI T O R S 224t
OHBREYSPICTEI 2 HE L7

7 75 XX DAMELS) mm, WE0.045 mm L L
Tofk, BESTALEZ X 0 IR OSSR L E 75
72SUS304% 2 # &L LTH Wz 4 A%E1.37 mm, %
A A 40, MAEHERZ1I4CHE L, EERRR N
O—RYFEFOTEREICEFEML 2L 720 HMEH O
WIHNZ BT 2 P A S O S50 & L — 3 — B &
D, K2 EBSD X Dl L7z F72, EBRGEMAEH
L7z¥Ialb—var&fiole, 75 AN TRHIC
RO T % b DGR Z LI HAEIRICH DA A7,
NG 2 B R ITRLE NIRTT AN O T LS IPF B TiE S5
< &9 ARMNO00ME D 122V THRE L7z,

FEEE VI 2L —Y 3 VIZBWTEBIK LikaoA TR
SO ND Hid 22 <011>, <001 > 2 H[EAH
Hole YIal—T g ilonT, FEEICIZEOHLE
HeHWTHRRY2 Iy PRFEZEB L &RV 23y
b K- BE O s SR ot LTk & Wi A 23R B Lk L
ARG TH 5720 L7zdo T, Ff IO ADEE
EZBL72Y4A, ND A <001 > L o BRI 2K
PHAVNE LA RARTVWEEZ BN D,



Z Al e FE =

FEAN RS B L TR 400 o B L 1

1. MRER

RO~ Ty 7R EY 2HETRAETS L,
*F v 7HEIDBREEZFREOWMSHIENS Z LD H
O, FRAAZF v 7MEMEINTVE, BETL AV
F v ZALEMO N BB EE, b R BTG
DBEHBOSNLIEDNS, oS FROEMBIIC X
LU EAEA S HE EbOER L Shd, —#
2, FF—,7 2% 7y =2 s 5BS TRLZ2EATS
&, BMRBIEEAIEE SIND 2 ENL VD, HELEY
OISR (R 1232 5% v, ZoHENE, RS
TS RO 2 7RO d L Emmic 7 L ¥ o7
W ALK EAIE O 7 2 Fo 2 L 1c & %, BMRH)
&, AP TIC 2 T AR S5 2 L ICOATY
L, RILKFESHOHMZ2B X3 shsz0tELLN
b0 AXF v TR 2TMAGDE L L TEMAEHK
A NS DI 7205, E DWW AR A TZIESE
WBEINFTIEEALITORTI RdoT,

AR F v ZHNZ, BRIROW ST 23 E8it - TRIR
WA E L - 7ol R D, BHRNICBT 55T ORI
Lo TR D HAGE I EWHE TEMICH S
bo ATy ZHPERSANE LTLLHWSLNEDIZ
WR2 &, ZAX7F v 7 HOBEEIBAINEZE o7,
L2 LIEAE, 6837 4 v AR aetEdii e LC2r ¢4l
PEARE LCOAHELHLNCRY, SO THEHENT
WA TH B AR T F v 75, e %
FBLEYELAEEICAY 2R 501, ECIREETE
B % L 28Dl nwZ e ThH b, 22T
T, wlie d~F v 7Y 2HERA L CTHONS
FEARX 7 F v 7 HERFRI, SHRFEMHODEEZHRRL S
LR T HFRARAZF v 7 MIZHICHMMEEM DA 2 &
F o 7RO R B 720 TR, MAGbERRAL
THEEHIETE S, L) R LR, 20214E L, &
A X7 F v 7 OB THREHITEN 2 DDHIZDOWVT,
SrFECE, BEATREEhE, RPN ToRE 2 e L
NS OREE Mz BHONRRIE, HWOEBKEMNZ
BD 720135 TOMAEDEE L) BT LT LV,
%25 2500 TH 5,

-
—

2. EBRFE

Hw724t&Wid, 4-cyano-4'-pentylbiphenyl (5CB, #3X
24 LCC) & n-(4-etoxybenzylidene) -4-butylaniline (EBBA,
RRALE TS ThH L, L6 S BMFFOHRT
BHTEPEL, WIETIEA~YT v 2 MO A E RS, 5CB
FHET2AEN, EBBARETHGETHL I 2 s, RE
2L DEBBAD L 5CBNE BT RBEIEE 2 L PRSI

bo WiHERkA RIECTRAL, WLHEME (POM) #
£ Xt (XRD), mzE#lE (DSC) ISk ->TET IR
M Z [ E L7z

5CB & EBBA MO BAGZ B =%, RV IR) AR~
MV X ) B D o 720 5CBD ¥ 7/ iR E)
WA 2RI Y — 7 o P uL, BB E 2
EERWHIZY 7 P 50T, RELDEL ZHEHIOWT
V7 MEEWET A LT, BWBEEOHMEAS SN
b0 FRBPHICBIT L5 FOEBEETRL720, F
BRI E 21T - 72,

3. EBRER

POM, XRD, DSC ®i&HH 5RO 72MIKZ K 1 1R,
B R L7z @ld, HARPHIB I 2 EBBAOELILTH
%o 5CBICEBBAZiR¥ 2% &, ¢=0.3~0.90 i PR T & &%
FHDOARAZF v Z7E (SmE) e A X2 F v 7 B (SmB)
AR EE - REEICHIB L 720 SmEA & SmBAHIZ &
H 5 b ESHRIBIRO 5T HEIMIZHE > TEIRICEAEZ -
7R D, BN T T2 REIRICES L2 d OHE
H, NFHFTF AR L7220 OABHITHS (1
2. M LMOBERME O D, ERBEITER
BHEHORMTH 2,

1 :5CB & EBBA O #HIX

RBAEICE > THH L 22SmEM & SmBH @ # F & &
ZXRDIFEIC L YR 7o FERZR2IRT, BRI
13~20A T, EBBAOGT-RICIZIFHE LV, Z0EREEIZ
SmB, SmEMAIZB VT, RAICHREIC D IKREET
IZ—ETho7ze —J, BHRNOTRE L, EBBAE
WHD 9 =04% 8 X % & herringbone (SmE) 7%* 5 hexagonal
(SmB) 2 b2 (M247)o SmEA DK F & Hid FHh
72527, E#783AT, SmBHOKTEHII50A TH-
720 TNHOHNOKT KD, MUMHTHLRY, RE -
REHIKIE L 2 h o720
X1 DK TIX, EBBADENVI o~0.61ED & X Bk
HE L BMERDS DLV, Thbh ORI TEM

MPREEI R D I EDRREND, TNEMHPD DI

f%‘
FE A AN IR e



2 (/f) % <o 5CB-EBBA IR AL D& T2 Ho

(17) SmEAH & SmB A 75 FBL i D His M

Pas

55313:H%1y&w5—®ﬂﬁmmﬁﬁo

4 CIRWIGE B OBRAE ARG, [ &y M3

SRR O WP B o il AR
&, DSCoOMEREMAT L, FHHDP S P ~OEE L
VEINE—RRDI, BEREKIIIRT, BT SV
Y —DHiHED IR K E 75 DI e~0.650 & 2T, HHE
EI1EF—5% L7z AH~- 6kJ/mol T, ZOflilx, Hikoft
EWOHEHM - SmBHIEERBOERE T v &V ¥ — L [AFLE
Thol.

Wiz, EHEFHOREIENTH 5 5CB & EBBA O B
BEEZRAEDL 5720, 5CBO Y7 7 MR %)
&9 % IR & 72, #RER 412777, EBBADE
WA 0 <p<0.6D&HTIZ, ¥ — 727 kiid EBBA D
Lo THINIWPL, =072z 5L —ElHE o>
Too WY 7 POKE KIXECB 1472 ) O EME
B MR RBRICH L. Thbh, 0<p<060DfiPiT
IZEBBAORIIME & $12 1 47F Y472 ) O BATRE) i 13 HFH
BmL, ¢=07ETIE—EHICiT 52 L2 LRI
ol

B OB RSN b o728 2TAT, BFEHICBT
5T OREZRRL 720, FEEMMWEZIT- 720 W
DFERIE, BB F RS X 5o 5CB BT 1d 55
FREMAMNSD 70, WERLN L IVIZERZNL72E
EOFERUWEICLY, FTFoEMEYO7Y) y Ty
TEE OFEREE A D bo ¢ =05 (5CB: EBBA=1:1)
DRBOBWHFEFRORHBER S () 17T 15C~60T
DOFPITS CTHAICHWELZE A, SmEM%E & 515T

5 (a) 5CB-EBBA IR &#s: (EVIH 1! 1) OFBHFED
EiRe (b) BIFHFEROEIR & Ridh, KR Hedh
12 & 572 Cole-Cole ploto

E20CTIE 6 ~ 7 x10°HHZ IZWILE — 7 238l 72, 25C
TSmBMICERT % & MY — 7 B HUIZ10'Hz~ &
Ix 7L, E6%5ME A LT~60C £ TR
WZHIML 721, A~ F v 7 HEBRICIIY — 7 13k L
720 WE LBRBEROFRLIEILE 70y b5 LK
50M) &%, UT®Cole-Cole DX TREdbT& % Z & 2%
BHo 720
Es — €x
w+TIGEV
RAL%ZE 2 7238 CRBOFBRMMWE TV, 57T
DFFHE Y MR OREAIRER 2 KD 7AERZ K 6 1R T, W
FTHNORECTHAEMIEHN I XiREOF L ILpIL, 7L =
7 ZADRITI ) ¢

' =¢

(1)

107 %
29 3 31 32
1000/T
6 : 5CB-EBBA m#FHIZ BT % 4 T 480 1 Wmlfizdk
FITIRE I O AR AE M
T= Ae% (2)

M6x 2) RTTI4 v T Ay TTrE, FIT7DMEE
Mo, STDNEET S EEORT VY v VEERE HHEET
ANF—E,) oD, B b ENVILTRA LARE
DSmBMIZDWVTE, 2RO REKT IR, E 3,
EBBA E )V} £%0.4< ¢ <0.70 & Bl T o (2 &5 L T Hi 3 84 m
L, =07 LECT—Ethole W1, M3OHDL
ML EAT DI e~065THsH I Lhbho TV
A5, SIS LT T BlEE ORI b o ~0.65 Tk
X7 5, L) Hi e PRIIIRT 28R E B o7,

X7 @ SmBHICB % 55F-HihE ) o RERI 3 5 RT
> ¥ X OVEERED EBBA B EEARAE M

4. ERLSBDEZL

MK E ML > &V E—ofE4iE, 5CB & EBBA # i
HIHEENL]L 2 TROZEGHIFHPER IS Z
LERLTWS, INE 1G5 TH) OEMBERE L BS
L&abEs e, 5CBOTFAZAETRE% I AKEN & & EBBA



A R R R K EM I RO ~2: 1 THDH I L
ARBEND, —F, BEMOBT RIS, WHEOREL
I E A LA L v, BB S U, BN T
ST ELBIREL 2 ), EBBAOGT-RIC—HKL
7R LS. BT EOBMBERSZIL THHAD
WP ERDPZAL 2 0HHIE, a7 8O3 255Kk %
<, TP L > Tl s h s 720 L % 2
bNboe FHERFTIEOS T ORE I EMBEILE S
L%\, 5CB & EBBA D jRALKFRF T VT b H 720,
WO 72T NFIFIZESURIC R > TBY, HReL Tk
D 5T REPREVEBBA CRMEDSUE 5, —7F, BFHIC
B D5 TEME Y E2 ET 2R F v ¥ v VREEEE,
B OREEL 5 TOBHEKE T E 5. R RD
RER DT 5CB: EBBA=1:2 ORAWZDS, Hilo@y

KT ERIZIRAIIZE 5% v, EBBAIZSCB L Y 0 T-E
WREVOT, FUKTICEET S L, 5CBOEE L%
W EHNAAE D 7 ) O THEEMEL Y, ML T
HEIEL B Do T ORI AN S I e
Bl REVIEIERL 220, HRFHoRELEH
HAROBZEOFGIZLY, M7 ORI EZD
N,
EWREARARN TR, BREHoBET 2 EEH
B, 2tk o1 oEEtE, ke 2o TofadbeT
HIEICER 52 ETE, HIRDOMIZIZRWFHRER X 7
F o 7MHOMEEFZ 5. 514, HIWIIE L THT-OHA
EbhEEREILL, FHRA X7 Fv 7 HOHRERZ HE
L7z,



FHAEN7E S
AR ED V=10 X 2 Ni-Nb &R 4 7 2 O

# =]

T RE R R TIE, 7RV T 7 AR SR
5 IEHF RO FIRFEANICEH L, EBRBLUY I 2
L—3 3 VI X B 4880 & affiFE HigL Tw 2,
AR EN LSBT T AL LTHM S N5 Ni-Nb &4
DJEFTHERICH L CEICEREAET V-2 fH L7z
17072 U, o RIConTHET 5,

SYUANTAAEEIN D F T AIREIZ19604E EHIC 4R
CBWTHEREEFETH S Z EDDuwez HIZE hRE
2o TDH, ZLOEERIIBVTERBT 7 ADBEHSN
THY, Zr-Cu® Ni-NbIZRRE SN2 ER - SRR B LD
Pd-Si® Fe-BIZNESN DL EIE - A ¥ 04 FHD 2 FHIC
RKELGESINTVWE, & - 2501 FRIZBWTI,
RN ES WA XD x 7 a A FEFE2A0IS, £RET
MZEOHE 1EHEY 4 M2 50 T0A X9 il barno s
BRSO N D 2 EW% v, B ITIE 9 ~ 115 T2
SIS T X LMK E R ER L AONS, —TF, &)E -
SIERTIE, AT IZ X201 (AR B 2 ik (12~17)5
FHOHE) PR ENDL I ENRINETRENTVS
A, - AruA FRIZAONS X9 R b
R s ShTwn vy,

SHAEHTIRENLER -SRRAEBHN T ATH 5
Ni-Nb &4, JA VAL #iPA (Ni-30~50.at. % Nb) 128w
THITADPERUETH LI EDNOLFEHENTE TV S,
BRI IR (NiggsNbygs) (ZAE WK T % NigNbsghs 7
T AN AR T B LG ST bIE, oM
RS BT % ET-FE & W o BRI D W THZ < ORFZEAS
ENDEIIC ol BHARE AL 72 7 OVEE X
D, Ni-NbRO T EEMRPREEE LT, Nizduhe L
72201 78 B £ O°Nb % Huls & L 72 Bl #4214~ 160 B {2 1fi
KPR EENT WD, R LA XS IRRICBWTH
(LA B IS ShTwiwgs, Zhidmifiie
W SR ERIZIE DO DO TH S T LITTER LIz,
ZZ TR T, NiBLUONb&K A DILHEOBINIZHEH
L, BRLECAT 720 TLE R 2 T 2 2 W2 7 3 R 7
LR ARER Y =2 o TR HNET S,

[BTEFE]

RIFFE T, B FBH5E:C X ) /8 L 722 Ni-Nb &) 7
FTADHEEET VKL, FAeDFRHIF &R AER
V=L B H T AMERNT TR E B Lz, 7T AREEIC
W BEEAREDT Y — IOV TIE, 20114EE D & B
HZLLLIHFEET-oTETHEY[,2], ThETEES
5 AREBALY H 5 2K L THEIE SN TV D, FHEF
EBU YT, MR R R & DA S IR DS,

Death time

Birth time

1. 74V bb—=vay (EEREOMA) ERIBT 5

=Y AF VA FAT7 2524 (PD) OfFl, PDD
Kl 2% birth time, #E#hA% death time Z7R LT\ %,

FET VMO L) ZUMAALEZFAT S 2 L TERElL
SNbe BARMIZIE, 55 FB)I5 0T S N2 EFRCH o
JEREF— & e LT, 74V ML= a v EIFENRS
BECHRA MRS (ET2BE0E85), ROTBES
N5 %A I 7 %birth time, {HIKZT A% 1 I~ 7 % death
timek LC, N—VAF YA - ¥4 72754 (PD) EIZTF
Oy bENL, TRAS—TAF Y b - FEQY— LT
NBLMITTETH S, L7444V L—Y 3 EPDD
M RPERT, G2 5N7m (t) ZH0ICEk (CoRT
3H) OPELHEREIE, TROHIRHENTER I NS K
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A.Reem, T. Yabe, Y. Iyama, M. A. Quang N. Nguyen, H. Kawarada

“Effect of Surface Charge Model in the Characterization of Two-dimensional Hydrogenated Nanocrystalline-diamond Metal Oxide
Semiconductor Field Effect Transistor (MOSFET) with Device Simulation”

16th IEEE Nanotechnology Materials and Devices Conference NMDC 2021, Dec. 12-15,2021 (Oral, Dec. 15,2021)

K. Hayasaka, K. Kanehisa, T. Tatsuishi, Y. Saito, Y. Ueda, K. Ootani, T. Tanii, S. Onoda, J. Isoya, S. Enomoto, S. Kono, H. Kawarada
“Fabrication of High-Density NV Ensemble Using Vacancies Created by Transmission Electron Microscope”

2021 Virtual MRS Fall Meeting & Exhibit, Virtual Conference, Dec. 6-8, 2021 (Oral, Dec. 6, 2021, Best Student Oral Presentation
Award)

F. Asai, K. Kudara, M. Arai, Y. Suzuki, A. Hiraiwa, H. Kawarada
“Lowest contact resistance for high drain current density > 1 A/mm at Diamond MOSFET: with heavily boron-doped source and drain”
2021 MRS Fall Meeting & Exhibit, Boston, USA, Nov 29-Dec 2, 2021. (Oral, Nov. 30, 2021)

Y. Nameki, T. Bi, W. Fei, ]. Tsunoda, N. Niikura, A. Hiraiwa, H. Kawarada
“C-Si Bonded 2DHG Diamond MOSFETs — Improvement of Interface Characteristics by Thin Gate Insulating Film”
2021 MRS Fall Meeting & Exhibit, Boston, USA, Nov. 29-Dec. 2, 2021. (Oral, Nov. 30, 2021)

H. Sato, T. Takarada, S. Kawaguchi, Y. H. Chang, H. Kawarada

“Propagation Characteristics for Seawater Wireless Communication up to 25 m of Transmission Distance by Utilizing Diamond
Solution Gate FET”

2021 MRS Fall Meeting & Exhibit, Boston, USA, Nov. 29-Dec. 2, 2021. (Oral, Nov. 30, 2021, Best Student Oral Presentation Award)

K. Ota, J. Tsunoda, N. Niikura, A. Morishita, A. Hiraiwa, H. Kawarada
“High Voltage (-580 V) Vertical- Diamond MOSFET by 2DHG Channel and Implementing p--Drift Layer”
2021 MRS Fall Meeting & Exhibit, Boston, USA, Nov. 29-Dec. 2, 2021 (Oral, Nov. 30 2021)

H. Kawarada

“Prospects for complementary high speed power inverters by wide bandgap semiconductors: Role of recent development of high
frequency diamond power p-FETSs"

H & 38R Je i bl > » R 2% & | Institute for Information Industry (Taiwan), Virtual Conference, Nov. 30, 2021 (Invited)

H. Kawarada

“Complementary power inverters using wide bandgap semiconductors for noise-free motorized society”

International Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), Virtual
Conference, Nov. 5,2021 (Invited)

X.Zhu,T. B, Y. Fu, Y. Chang, ]. Liy, C. Li, H. Kawarada

“C-Si interface on (111) diamond MOSFET with excellent normally-off operation”

2021 International Conference on Solid State Devices and Materials (SSDM 2021), All-Virtual Conference, Sept. 6-9, 2021 (Oral,
Sep. 8,2021)

K. Hayasaka, K. Kanehisa, T. Tatsuishi, Y. Saito, Y. Ueda, K. Ootani, T. Tanii, S. Onoda, J. Isoya, S. Enomoto, S. Kono, H. Kawarada
“Spin Characterization of High-Density NV Ensemble Using Vacancies Created by Transmission Electron Microscope”

2021 International Conference on Solid State Devices and Materials (SSDM 2021), All-Virtual Conference, Sept. 6-9, 2021 (Oral,
Sep.7,2021)

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

“Lowest contact resistance for high current density > 1 A/mm at Diamond MOSFETs with heavily boron-doped source and drain”
2021 International Conference on Solid State Devices and Materials (SSDM 2021), All-Virtual conference, Sept. 6-9, 2021 (Oral,
Sept. 8,2021)

K. Ota, J. Tsunoda, N. Niikura, A. Morishita, A. Hiraiwa, H. Kawarada

“High Breakdown Voltage (-580 V) in (001) Vertical-Type 2DHG Diamond MOSFET by p--drift layer”

2021 International Conference on Solid State Devices and Materials (SSDM 2021), All-Virtual Conference, Sept. 6-9, 2021 (Oral,
Sep. 8,2021)

H. Sato, T. Takarada, S. Kawaguchi, Y. H. Chang, H. Kawarada

“Electric Signal Propagation up to a Transmission Distance 25 m in Seawater utilizing Diamond Solution Gate FET”

2021 International Conference on Solid State Devices and Materials (SSDM 2021), All-Virtual Conference, Sept. 6-9, 2021 (Oral,
Sept. 8,2021)

H. Kawarada

“Diamond FETs: from C-H termination to C-Si connection and 3D integration”

14th International Conference on New Diamond and Nano Carbons 2020/2021 (NDNC 2020/2021), Virtual Conference, June
7-9,2021 (Invited, June 7,2021)




A. Reem, T. Yabe, Quang N. Nguyen, A. Mohammed, H. Kawarada

“2DHG Hydrogenated Diamond MOSFET Device Model Simulated Normally-off Operation using Fixed Positive Surface Charge
Sheet and Nitrogen Doping”

14th International Conference on New Diamond and Nano Carbons 2020/2021 (NDNC 2020/2021), Virtual Conference, June
7-9,2021 (Poster, June 7,2021)

Y. H. Chang, Y. Iyama, S. Kawaguchi, H. Kawarada

“Over 59 mV/pH sensitivity with fluorocarbon thin film via fluorine termination for pH sensing using boron-doped diamond
solution-gate field-effect transistors”

14th International Conference on New Diamond and Nano Carbons 2020/2021, Virtual Conference, Jun. 7-9, 2021 (Poster, Jun. 8,
2021)

Y. Takahashi, A. Morishita, S. Amano, T. Kageura, Y. Takano, M. Tachiki, S. Ooi, S. Arisawa, H. Kawarada

“Boron-doped Diamond SQUIDs with Miniaturized Josephson Junctions”

14th International Conference on New Diamond and Nano Carbons 2020/2021 (NDNC 2020/2021), Virtual Conference, June 7-9
2021 (Poster, June 8,2021)

S. Kawaguchi, Y. Iyama, Y. H. Chang, K. Tadenuma, Y. Shintani, Y. Tao, K. Mori and H. Kawarada

“Vessel Gated pH Measurement System Using Insensitive Diamond Solution Gate FET”

14th International Conference on New Diamond and Nano Carbons 2020/2021 (NDNC 2020/2021), Virtual Conference, June
7-9,2021 (Oral, June 7,2021)

K. Kanehisa, T. Tatsuishi, T. Sonoda, K. Kawakatsu, Y. Hata, T. Tanii, S. Onoda, A. Stacey, ]. Isoya, S. Kono, H. Kawarada

“Fabrication of 2D NV Ensemble and its Spin Property Improvement”

14th International Conference on New Diamond and Nano Carbons 2020/2021 (NDNC 2020/2021), Virtual Conference, June
7-9, 2021 (Poster, June 8,2021)
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S. Kobayashi, M. Kobayashi
Control of nucleation layers for (110) oriented ZnTe thin film growth on sapphire r, S-plane nano-facet substrates
63rd Electronic Materials Conference, KKO01, June 23-25, 2021, on-line

M HORER, BAREK, PEREA, MRIEA
B7 747 SHiF /77ty I ZaTe (110) MR 52 M 72 MEE 5 S o fil i (2)
10p-N321-3, #H82EILHW IS BFFAE S, 202145 9 H10H~ 13H, * > 74 Ylfi

PRI, ANRARER, AARENK, @R M, AVRIEA
MBEEICE 2 A M A F4 2 b1 2 SnTe (100) HEDOVER
10p-N321-2, #E82ME AW S FRFAMRRN S, 202148 9 H10H~ 13H, + > 74 YHilfi

K. Tsuboi, S. Kobayashi, S. Nan, K. Sugimoto, M. Kobayashi
MBE of stoichiometric Tin-Telluride thin films
21st International Conference on Molecular Beam Epitaxy, 60, September 6-9, 2021, on-line

S. Kobayashi, K. Sugimoto, K. Tsuboi, M. Kobayashi
Crystal Quality Improvement of ZnTe (110) Thin Film Prepared on Sapphire by Increasing the Nuclei Density on the Substrate Surface
21st International Conference on Molecular Beam Epitaxy, 61, September 6-9, 2021, on-line
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Synthesis of microporous titanosiloxane materials using cage siloxane as building blocks
8th Conference of the Federation of European Zeolite Associations (FEZA 2021),2021.7.5, —f%

Variation of counter cations of cage germanoxanes encapsulating fluoride ions

8th Conference of the Federation of European Zeolite Associations (FEZA 2021),2021.7.5, —#%
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Synthesis of microporous titanosiloxane materials using cage siloxane as building blocks
10th Jilin-Korea-Waseda Alliance Annual Symposium, 2021. 9. 10, —fi%

Design of Self-healing Siloxane-based Nanomaterials
10th Jilin-Korea-Waseda Alliance Annual Symposium, 2021. 9. 10, #81¢

=FTTNaFY FESERFEM = TR 7 L) ) SAUEOIER
HAVIV = 7vie H19EGEHES, 2021.9.13, —#%

IV T aFHrOBHIICL LTIV ) X VR A VR OER
HARYV IV = 7Fvegss $B19mEES, 2021.9.13, —#%

NIRIN= ) FH D a I BRI D SR E A F 3R
HAVIV =7 vies E19WE S, 2021.9.13, —#

SiFEMEHTO 7 A BB EN I B2 ) A F ) F— I3 F — v Ofp#L
HARVIV -7 vssy #190E 4, 2021.9.14, —f%




TADEETNIX T 3T X DRIRT A BIRD T U ILIZB T 2 F il & Hig ko
oAkl AR R &, 2021.9.14, —#

Jo RS A KR ALY DRERE 5 T~ D LR 4o
oAk AR A S, 2021.9.14, —#

CVFEq o7 7ay 2658 7 vasy r LUK
EE128Iml il i 4y, 2021.9.16, —#%

FICSBEPERRATES S 0 3 > RS 515 2 R A
1M CSJfb%:7 = A %, 2021.10.21, —#%

SR I E VEASRORERMBELEG L2 ) AT 7 R— 8y — v of#
B CSJL¥ 7 = 2 %, 2021.10.21, —f%

SIVHRFEZH E L22RAMNLE A5 5 =4 TR) 77 2 F 7 ZALUEDOEK
1 CSJAb 7 = A %, 2021.10.21, —f%

MWW aFxY RNV T Ly Tay 2 LT Y VERLIUE Y ) oAk
11 CSJfba:7 = A %, 2021.10.21, —i#%

KT VFA NI U VB OTEREIC AT T RERR O R R
S111E CSJAL: 7 = 2 ¥, 2021.10.21, —#%

Design of Self-healing Siloxane-based Nanomaterials
International Workshop on Materials Science, Osaka Prefecture University, 2021. 10. 30, 1+

Preparation of Ordered Nanoporous Indium Tin Oxides with Large Crystallites and Their Thermal and Electrical Conductivities
International Symposium on Porous Materials 2021 (ISPM 2021), 2021.11.4, —f%

Preparation of Organosiloxane-based Nanoporous Materials Using Silica Nanospheres as Template
International Conference on Materials and Systems for Sustainability 2021 (ICMass2021), 2021. 11. 5, R
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Synthesis of nanoporous metal oxides with large crystallite size using silica colloidal crystals as a template
PACIFICHEM 2021, 2021.12. 18, —f#%

Preparation of Ordered Organosiloxane-based Nanoporous Materials with Unique Structures and Properties
PACIFICHEM 2021, 2021.12. 18, £

Topotactic conversion of layered silicate magadiite into a novel crystalline silica through interlayer condensation using stepwise heat
treatment

PACIFICHEM 2021,2021.12.21, —fi%

Nanostructured silica-based materials with dynamic functions
PACIFICHEM 2021, 2021. 12. 22, A%

Inorganic Oxide and Hydroxide Nanosheets: Toolkits for Structurally and Functionally Designed Nanomaterials
PACIFICHEM 2021, 2021.12. 22, —fi%
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Nanostructured silica-based materials with self-healing functions
International Symposium on Chemical Design of Functional Coating and Interface, 2022. 1. 19, #3f#
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Synthesis of Sn-containing siloxane-based porous materials using cage siloxane as a building block

HAMb S S102HF4R, 2022.3.25, —#K

Preparation of crystalline nanostructured materials by self-assembly of cage siloxanes modified with a long-chain alkyl group and
silanol groups

HAfb¥a  HI02EFHESR, 2022.3.25, —f
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Preparation of Magnetite Nanoparticles via Oxidative Polymerization of an Iron Compound
8th International Congress on Ceramics (ICC8),2021. 4. 29, General
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Surface-modification of titania nanoparticles and their application to polymer-based optical hybrid material
14th Pacific Rim Conference on Ceramic and Glass Technology (PACRIM 14),2021. 12. 13, Invited

Preparation of Janus nanosheets via regioselective interlayer surface modification of potassium hexaniobate and subsequent exfoliation
14th Pacific Rim Conference on Ceramic and Glass Technology (PACRIM 14), 2021.12. 14, General

Expanding the Macromolecular Periodic Table: Polymers and Supramolecules Containing Non-Hydrocarbon Elements for
Enhanced Functionality
The 2021 International Chemical Congress of Pacific Basin Societies (Pacifichem 2021),2021. 12. 17, Invited

Silicon-Containing Polymers and Oligomers: Synthesis, Structural Control, Function, Hybridization, and Applications
The 2021 International Chemical Congress of Pacific Basin Societies (Pacifichem 2021),2021. 12. 17, Invited

Preparation of double-layered nanosheets containing pH-degradable polymer networks on the interlayer and conversion into single-
layered nanosheets in response to lowering pH
The 2021 International Chemical Congress of Pacific Basin Societies (Pacifichem 2021),2021. 12. 21, General

Preparation of Janus nanosheets with one side modified with poly (methyl methacrylate)
HALZ I v 7 A& HEOWERER AR %, 2022.1.8, —fi

Synthesis of magnetite nanoparticles using reverse micelle method in a microchannel
HALZ I v 7 A& HEOWERERARam %, 2022.1.8, —fi

Synthesis of Li-BN intercalation compound by polymerization and high temperature treatment of NH;BH; and Li amide
HALZ I v 7 AHhea HOWERER AR %, 2022.1.9, —fi

Preparation of element-blocks by surface modification of ZrO, and their conversion into an element-block polymer
HALZ I v 7 A& HOWERER AR %, 2022.1.9, —fi

Preparation of Organic-Inorganic Hybrid Materials by Surface-Initiated Atom Transfer Radical Polymerization from Inorganic
Nanomaterials
46th International Conference and Expo on Advanced Ceramics and Composites (ICACC 2022), 2022. 1. 26, Invited
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M. Sawada, S. Suzuki
Formation of Macroscopic Deformation Band in Porous Metals with Unidirectional Pores
TMS Annual Meeting 2022, 2022/3/3.
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University of Engineering and Technology, Vietnam National University, Hanoi Associate Professor

Nguyen Hai Chau

Informatics approach for the development of prolonged service life materials

Aim of the research project

Computational simulations such as quantum chemical and
first-principles calculations play important roles in design of new
materials. Classical strategies to design new materials are often
trial-and-error and require a large number of experiments and
simulations. Therefore, they are time consuming and costly. In
recent years, machine learning techniques are combined with
first-principles calculations to speed up and cut down cost of
materials design process. In this project, we will continue our
results in 2020's “Informatics approach for the development of
efficient environmentally conscious materials” project to predict
phases of high entropy alloys (HEAs). Prediction of the phases
is an important step in materials design process since it helps
narrowing down the search space of possible materials thus
speed up the design process. Furthermore, properties of HEAs
such as hardness and strength and with long service life can be
predicted based on their phases. Consequently, we will enrich
our HEA databases built in the 2020’s project and try to develop
new HEAs with demanding properties with the help of such

machine learning techniques.

Contents and results of the research

In the “Informatics approach for the development of
prolonged service life materials” project, we continued the
research of prediction of high-entropy alloy’s phase employing
machine learning methods. To increase the accuracy of the
phase prediction, we extended our ACIIDS 2021 paper[1]by
seeking for additional physical quantities other than valence
electron concentration (VEC), atomic size difference, mixing
enthalpy, mixing entropy and electronegativity difference. The
candidate quantities are average melting temperature, standard
deviation of melting temperature, standard deviation of VEC,
mean bulk modulus and standard deviation of bulk modulus
[2]. Because not all of the elements have experimental bulk
modulus (e.g. Sr), bulk modulus related properties are not
considered. We conducted a factorial experiment[3]to compare
effect of the remaining properties to the accuracy of phase
prediction on two high-entropy datasets, namely HEA-118[4]
and MPEA-401[5]. Statistical analysis of experimental results

shows that average melting temperature, standard deviation

of melting temperature help increasing prediction accuracy by
average 3.34% on HEA-118 and 0.49% on MPEA-401 while
standard deviation of VEC does not. We submitted the results
to Vietnam Journal of Computer Science[6]as per invitation of
ACIIDS 2021 conference committee to selected post-conference

publication.

References

[1] N. H. Chau, M. Kubo, L. V. Hai, T. Yamamoto, Phase
Prediction of Multi-principal Element Alloys Using
Support Vector Machine and Bayesian Optimization, the
13th Asian Conference on Intelligent Information and
Database Systems 2021 (ACIIDS 2021), 7-10 Apr 2021
(online conference https://aciids.pwr.edu.pl/2021/).

[2] S.Y. Lee, S. Byeon, H. S. Kim, H. Jin and S. Lee, Deep
learning-based phase prediction of high-entropy alloys
Optimization, generation, and explanation, Materials and
Design 197 (2021) p. 109260.

[3] J. Lawson, Design and analysis of experiments with R,
Chapman and Hall/CRC Press, 2014.

[4] N. Islam, W. Huang and H. Zhuang, Machine learning
for phase selection in multi-principal element alloys,
Computational Materials Science, vol. 150, pp. 230-235,
2018.

(5] Huang, W., Martin, P., Zhuang, H. L.: Machine-learning
phase prediction of high-entropy alloys. Acta Materialia
169, 225-236 (2019).

[6] N.H. Chau, M. Kubo, L. V. Hai, T. Yamamoto, Support
Vector Machine-based Phase Prediction of Multi-
principal Element Alloys, submitted to Vietnam Journal
of Computer Science (ISSN (print): 2196-8888 | ISSN
(online) : 2196-8896).

Outputs of the project (publications, presentations, patents)
N. H. Chau, M. Kubo, L. V. Hai, T. Yamamoto, Support Vector
Machine-based Phase Prediction of Multi-principal Element
Alloys, submitted in 2022 to Vietnam Journal of Computer
Science (ISSN (print): 2196-8888 | ISSN (online): 2196-
8396).

— 111 —



Project No. 02115  Grant No. JPMXP0621467974

University of Tartu, Estonia  Professor

Mikhail G. Brik

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*" and rare-earth ions doped (as well
as co-doped with various cations) materials with varying
stoichiometry, and different hexafluorides and rare-earth
doped oxide perovskites were fabricated with conventional
solid-state reaction method. Their structure was confirmed
by the X-ray diffraction (XRD) experiments, and their
excitation and photoluminescence spectra were recorded
in the ultra-violet and visible spectral regions. Special
attention was paid to the upconversion properties of the
prepared samples.

2. The valence states of the impurity ions were probed by
the X-ray absorption spectra and electron spin resonance
(ESR) measurements. The experiments were conducted
at SPring-8 and KEK-PF (X-ray) and Waseda University
(ESR).

3. First-principles calculations of the structural, electronic,
elastic properties of the Mn'"-doped phosphor materials
were performed and published in two papers and one book
chapter. Tt was demonstrated that the Mn'" ions form
the localized energy levels in the band gap of the host
materials. doping and to understand the electronic structure
of the matrix materials. Calculations of the total energy
(per supercell) of CaAl;,0,y (where there are several
crystallographic sites available for the Mn'" ions) allowed
to identify the preferable position of impurity.

4. After the position of the Mn"" jons in CaAl;,O,y was
identified, the crystal field calculations for the Mn"" ions
were performed and the calculated energy levels were
compared with the experimental excitation spectra.

5. Consistent calculations of the structural and electronic
properties of K,SiFg: Mn*" at the ambient and elevated
pressures allowed us to model the pressure effects on the
positions of the Mn'" states in the band gap, as well as on
the variation of the host band gap value.

6. We continue working on preparation of the structural
database for the garnet materials to develop a structural
model linking together the ionic radii and electronegativities
of the constituting ions and the lattice constants of the
considered crystals.

7. Like in the previous year, no usual “on site” meetings and
discussions were held; therefore, the electronic means were
used for communications and data exchange between the
project participants. Active cooperation with the research
groups from the USA, Poland, China and Tajikistan was
developed during this project implementation.

8. Comparing the initial plan of our activities with the
summary of the obtained results, we can conclude that the
expected objectives of the project were to a large extent

achieved.

Outputs of the project (publications, presentations, patents)
Book chapter:

Mikhail G. Brik, Chong-Geng Ma, Tomoyuki Yamamoto,
Michal Piasecki, and Anatoli I. Popov, “First-Principles
Methods as a Powerful Tool for Fundamental and Applied
Research in the Field of Optical Materials”, in: Phosphor
Handbook: Experimental Methods for Phosphor Evaluation
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and Characterization, Eds. Ru-Shi Liu, Xiao-Jun Wang, 2022
Taylor & Francis Group, LLC, pp. 1-25.

Papers in international journals:

1.

Musashi Sagayama, Umar Zafari, Mekhrdod Subhoni,
Alok M. Srivastava, William W. Beers, William E. Cohen,
Mikhail G. Brik, and Tomoyuki Yamamoto, “Theoretical
and Experimental Investigations of Mn'" Site Occupation

in CaAl;,O,", ECS Journal of Solid State Science and
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Technology 10 (2021) 076004.

. Mekhrdod Subhoni, Umar Zafari, Chong-Geng Ma,

Alok M. Srivastava, William W. Beers, William E.
Cohen, Mikhail G. Brik, Michal Piasecki and Tomoyuki
Yamamoto, “Influence of Isostatic Pressure on the Elastic
and Electronic Properties of K,SiFg: Mn'*”, Materials 15
(2022) 613.
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Farhod Rahimi

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., -, 6-
and y-phases. Among them, a- and y-phases with cubic and
orthorhombic structured perovskites, respectively, have good
optical properties for the above applications, while 6-phase
with orthorhombic non-perovskite structure is not suitable for
such purpose. Some of them crystallize in 3-phase at ambient
condition, e.g., CsPbl;, though such materials with o- or
y-phases are quite good for solar cells. Hence, a lot of attempts
have been done to stabilize the o- 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

In this 2021 joint project with Prof. Yamamoto, ZAIKEN,
Waseda University, the first principles calculations have been
carried out by Tajik group and the fabrication of the inorganic
lead halide perovskite and its experimental analysis were done by
students in a research group of Prof. Yamamoto. For the former
calculations, well established DFT package, VASP[1]was used
to investigate phase stability, structure change and electronic
structures of the cation and anion mixed inorganic lead halide
perovskites, say APbX;, where A=Cs, Rb, K, and X =1, Br,
Cl. In addition to such anion and cation mixing of A and X,
substitution effect of Pb by other elements, for instance, Bi3 +,
have also been studied both theoretically and experimentally.
The first principles calculations were conducted for the super

cells expanding the unit cells of the cubic and orthorhombic

perovskites, in which one of the cation and/or anion were
replaced by another cation or anion, respectively, to investigate
phase stability by total electronic energies.

Some of the calculated results suggest candidates for the stable
phase at room temperature by cation/anion mixing or substation
of Pb. As one of the candidates in Pb-substitution type, a series
of CsPb,_,BiI; was synthesized by a spin coating technique
changing the concentration of Bi and synthesis conditions
such as temperature and atmosphere at heat treatment. All the
synthesized films were characterized by the X-ray diffraction
and scanning electron microprobe. As suggested by the first
principles calculations, stability of the perovskite phase is
improved by Bi substitution at Pb site. From the current joint
work, we will be able to contribute to the development of the
stable light absorbing layer with inorganic perovskites in the next
generation perovskite solar cells
[1] G.Kresse,]. Furthmuller, Comput. Mater. Sci. 6 (1996) 15.

Outputs of the project (publications, presentations, patents)

Publications

1. M. Subhoni, Z. Umar, T. Yamamoto, F. Rahimi. First
principle calculations of the electronic structure of Mn
doped AMO; (A =Ca, Sr; M =Sn, Zr, Ti, Hf). Reports of
the National Academy of Sciences of Tajikistan, N°. 1-2 (64),
2021, pp. 94-98. (in Russian)

2. 7. Umar, F. Shokir, F. Rahimi, M. Subhoni, T. Yamamoto.
Electronic structure of SrZrO; and SrHfO; phosphors
materials doped with Mn** ions. Proceedings of the
National Academy of Sciences of Tajikistan, N°. 1 (182),
2021, pp. 58-68. (in Russian)

Some more works are under preparation for the submission of

joint papers to international journals

Presentations

Some of the results will be presented in the international

conferences such as EMRS, Warsaw, Poland, and in FMS, Phu

Quoc, Vietnam.
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Tagoimurod Kh. Solekhov

Development of efficient rare-earth free phosphor oxides doped with Mn ions

Aim of the research project

The white light-emitting diode (w-LED) has been
recognized as one of the energy efficient technologies. Most of
the current phosphor materials for industrial use are synthesized
using a doping technique, i.e., incorporation of a trace element
as an emitting center in the matrix materials. Rare-earth
doped nitrides, oxides and fluorides with large band-gaps have
been applied for the red luminescence center in the w-LED.
Rare-earth doped oxides show good properties such as high
luminescence and high stability for long term use, etc., among
these phosphors. However, due to the limitation of the rare-
earth elements in the earth, rare-earth free phosphor materials
have been strongly demanding, and therefore such materials
have been extensively investigated these years. 3d transition
elements are also good dopants for such purpose, in which Mn"*
ions are the candidates for the red-emitting phosphor in the
coming generation as an emitting center in the matrix materials.
Tinvestigations of Mn"" activated red-emitting phosphors
in matrix materials have attracted great attention in the past
decades. Mainly, this interest has initiated the possibility of their
wide application in different branches of applied science and
technology[1-3]. In the current research, we focus on the search
of the efficient red-emitting phosphors by doping with Mn ions
in oxides. For this purpose, we will perform cutting-edge first
principles calculations and synthesize various kinds of materials
with efficient red-emitting property without rare-earth ions by
collaborating with professor Yamamoto.
[1] Y. Zhydachevskii at all, Methods Phys. Res., Sect. B, 2005,

227,545.
[2] Yamin Li at all., RSC Advances, 2017, 7, 61, 38318-38334.
[3] Y.X. Zhuang, Y. Katayama, J. Ueda and S. Tanabe, Opt.
Mater., 2014, 36, 1907-1912.

Contents and results of the research

The first principles calculations of several kinds of oxides
doped with Mn"" ions were carried out to investigate 1)
geometric structure around doped Mn*" ions and 2) electronic
structure of these materials by members of Tajik National
University. These target oxide materials were also synthesized
with a solid-state reaction method and characterized with X-ray
diffraction (XRD), scanning electron microscope (SEM),

Photo luminescence (PL), diffuse reflectance spectra and

electron spin resonance (ESR) by students under supervision
of Prof. Yamamoto, Waseda University. Among wide varieties of
these calculations and experiments, we could summarize results
on CaAl;;Oy in this year as a joint paper in an international
journal[4]. In this work, we focused upon the local environment
of doped Mn"" ions in CaAl;,0,0, which was successfully
revealed by a combination of first principles calculations and
the various analytical experiments such as XRD and ESR.
In addition to this work, the influence of the co-dopings of
additional divalent ions such as Mg“, Zn**, Cd*" and Sr*" on
the luminescence intensity was studied this year. From the survey
of these co-dopings, the enhancement of the luminescence by
200 to 300 % was found by such co-dopings. These results can
be applied for the industrial use of the red phosphors without
rare-earth elements.

Our study was extended to the studies of fluoride hosts
beyond planned oxides. First principles calculations of a series
of A, XF;, where A=K, Rb, Cs; X=Si, Ti, Ni, Ge, Se, Pd, Sn,
Hf, have been carried out. Some of the results were additionally
published as joint papers in the international journals. These
works on fluoride could provide us basic understandings of
luminescence, which can be applied for the design of new
efficient oxide phosphors without rare-earth elements.

[4] M. Sagayama et al., ECS J. Solid State Sci Tech. 10,
076004, 2021

[5] M. Subhoni et al., Materials 15, 613, 2022

[6] M. Subhoni et al., Opt. Matter. 115, 110986, 2021

Outputs of the project (publications, presentations, patents)

Publications

1. M. Sagayama, U. Zafari, M. Subhoni, W. W. Beers,
W. E. Cohen, M. Brik, T. Yamamoto. Theoretical and
Experimental Investigations of Mn'" Site Occupation in
CaAl,,0y. ECS J. Solid State Sci. Technol. 10,076004, 2021.

2. M. Subhoni, U. Zafari, Ch-G. Ma, A. M. Srivastava,
W. W. Beers, W. Cohen, M. G. Brik, M. Piasecki and T.
Yamamoto. Influence of Isostatic Pressure on the Elastic
and Electronic Properties of K,SiF: Mn'". Materials, 15,
613, 2022.

3. M. Subhoni, U. Zafari, A. M. Srivastava, W. W. Beers, W.
Cohen, M. G. Brik and T. Yamamoto. First-principles
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