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Recent progress in ternary ferromagnetic semiconductor thin films

NE R
MR RTE  KRER LR
Naotaka Uchitomi

Nagaoka University of Technology, Department of Electrical Engineering

mEE WALt A R D R L R BT — o DM B R & L TR 2 &
IS EEELWEETH > 7208, HI-V EYSER (GaAs, InAs) ISR T Mn & Ui
95T & TIALD OEEARN IR E iR Compittic 72 5 Z &N A 4L ( H. Ohno.,
Science 281, 951, (1998) ), V&I FRBEME -8R (72 & 21X GaMnAs) D HEHER LY
i BAFGE DS TTE9CHEE D BT & 72(1), I-IV-Vy SRR Y-E R IOV Tk, CdGeP;
PNV T FESEIZ Mn 7R T D 2 & TRIROF 2 ) —IRE A H T 5L or R RN
ARV &1 (G, A. Medvedkin et al. JTJAP 39 L949 (2000)), II-IV-V, SR M -4
D R S R L BRBETER LD A B = X ADIRIIC OWCHFZEERED b CTE -, —
iz, II-IV-Vo : Mn BEMEPEMRIZ, v U 7 —iFiE e O 8lan SRR 112 &
HAAE DR E XY VT —DEREDEETCX S L PREEANS,

ZnSnAsg : Mn 7L InP AR FHET 5 Z E RN EELRFFE T, GaAs i b
® GaMnAs [FIERIC, InP EMRIZESME SRR EEZIT) 2N TEX5H(Q2), Zhbo
ARSI X ROV a RS T4 MESEE L TOEINDID, o2 X —
(MBE) |2 & 2 JE IR RE CHE o Al kR TlX ZnSnAse D Zn & Sn 73 FLER A SRR+
IRAEAEIEIC R o TWAH AT 7 LT A MEE (PHghiiEd) CThoHoZ &, it
T SPring8 # AW ERAR SICI VLIRS TS, & 5T, MmO FEIE 2 0
RAHEOIZ3WILT b a7 —7 (BAPT) #HWi=firic k5 & .10 nm F2E D Mn
PEEORWVERNEAELTWS Z 2S00, Mo B35/ L TWD I T
IR A ) —Z NS L TOWDAREMEDNRIBENTWAHB), 2D X 5 fERix, =
N E CEIEMREIELEEROS —FRHREOEEZEMT I b0 EEZOND, SHIT,
ZnSnAs2:Mn #EETIZ, 2D K570 T AX—DIFEIZL D Mn~4% T 728
—al—yarEREILTWDZERNHLMNI o7, —J7 T, Mn BED 10%% 3
25 &R Mn JREENEEN L p BNSEEKN S n BEERICENT HZ L b0,
BRIEME DR A HERE L o8 R OB A2 HIH CX D AREME L H Y . T3 R
ERIEWERER S oo T AH@), A51%. ZnSnAsyMn EEIZZ 0 L 5 KRS
KE 2 CTZnSnAsy XN— AR b =7 Z~DISHPHEEEN S,

e
ABFIED MBI [ 3D IRy A MR ORFEBIR &% b,

2 R

1) S. Sato, Y. Jinbo, N. Uchitomi, J. Vac. Sci. Technol. (A), 24, 305-308, (2006)

2) J.Asubar, A.Kato, T.Kambayashi, S.Nakamura, Y.Jinbo, N.Uchitomi, J. Cryst. Growth 301-302,
656-661, (2007)

3) N. Uchitomi, H. Inoue, T. Kato, H. Toyota, H.Uchida, J. Appl. Phys. 117, 17B905-1-4 (2015)

4) Y. Minamizawa, T. Kitazawa, S. Hidaka, H. Toyota, N. Uchitomi, J. Cryst. Growth, 487, 34
(2018)
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Development of dosimeter for severe radiation environment near reactor pressure vessel

A (R, AR HE(C 2 BKE MBS, AUR B R AES, BRI A °
1 ARHEHEEE, 20 K, 3. KIRIFZK, 4.JAXA, 5. Bbf, 6.JAEA
T. Okamoto', Y. Gotoh?, Y. Akiyoshi®, M. Imaizumi*, T. Kobayashi®, Y. Okunc®
1. NIT, Kisarazu Coall., 2. Kyoto Univ., 3. Osaka Pref. Univ., 4. JAXA, 5. RIKEN, 6. JAEA

Abstract We proposed a compact and radiation-tolerant dosimeter
without power supply using the solar cells such as CdTe, Cu(In,Ga)Se,
(CIGS), and InGaP solar cells. In the CdTe solar cells, linear increase in
current due to ®®Co gamma-ray absorption was confirmed. The change
rate of current density increased with increase in the reverse bias voltage,
probably due to the increase in the depletion layer width.

1L IXC®HIC

1F BIGEEE CORSBEHHIS A7 A%, # Gy/Ih~1kGy/h D& & T TOME
P, FEEIRL - BNV EL, B XS WG ES KD b h, Fx ik, K
ML T2 L DR EE ST & i & U7 Rat i o 2 7 A 2422 L, ERMEIC
TR EAT - T D, ABFSETIL, BUWEBERRRIHE (3 MGy) ZH 3 2% KE5E#
DR BN R 2 S 5, fefi & U CIEBE, st s el LTS
M R E IR 35 AR & L CBAZ 2 D T 5 CdTe &V /= CdTe KB,
FOFHHKEGEM E LT I TV 5 Cu(In,Ga)Se; (CIGS) KF5&E ML, InGaP A1
B EE2RET L TV D, EmW BRI ED A7 B b 2B E 2 72
WRPMETHY | xR KEEMORMEEZEIST 2 Z EN5H%ROLND,

2. ERBLUEE

—fi & LT, CdTe KGsEMLOB ZHFT3 5, 800
Fig. LIZF BT E O ©Co A o ~ #ibk i 4k
EVEERT Y, Bag 7 R E R 5 L BIL
MRS U CEBRBHIICZE( L L TV D, 20
TR, B A WET S 2 & T, %Co i~
DOMERNPEFRE THLERLTWD, £,
WA T AENEED PCo 7 v~ MR ER O
NI %9~ 2 B BE DHIMRIT B v A T A o
H%“Kttf*\“(ji% < i,io:(lﬂ\\éo :ﬂli‘ :@/‘/f .I?)ose Ra?ésof y—raylicr)radiatif).r?(kGy/hz)lO
T ALK ZEZBWDIRD D T &b ThoL# Fig. 1 Current density as a function
ABND, LD, RSy MREIC kD% of the dose rate of ©0Co y-ray
Z JE W A T duX, IR L A TREEDZE 2 irradiation in the CdTe solar
LD ERRIEEND, cell.
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R AR TIBr f gz B 2R X F—EIR DI

ZH N, NP e, R DR A BES b HERS,
~ART7 FUANY KE Fu!
1. FELERTPRTRE LRt EXE T EHRER
2. FALLERY L EXET LR
3. KIRFFSZRY  Tafseft |1 - BWRER E W 1T 708
4. Institute of Physics, Azerbaijan National Academy of Sciences.
1. IXC®IZ

BAb& U0 ATIBr)IEZ, X#E y#RO K D BRI L CRIWRIZERDN S 5720, £
bOHBIBEMEICH B [1, 2] TIBr BHEROEYE TITHIEMIE L2137 Y v O~ U EIC K
o> TR L7c TIBr iz W% —H 0O THREDMESL AT E 7205, TIBr #tidgn OB 2 MEE X
T TEE S ATV R, RBFE TIHEN T v R REZ R T TIBr fda D 7 + b Ik
VA(PLFHEEZHET 5,

2. BRBLIUOEE

ARFFEC PL HIE V2 TIBr fitfh: Sample 1, 2 1%, Sample 3 & Fe~_XTHENT- v S8 H 45
%9, Sample 1,2, 3 D 45K 12315 PL A2 kL% Fig. LIZRT, 237 RAD 5 A- B-,
C-, D-, E-peak % 2.73, 2.64, 2.55, 2.44, 1.77 eV |[ZZ= NZEEHI L 7=, 2.73 eV @ A-peak (L. TIBr
B WTEERE SN T RNWE =27 Th D, Fig. 1 75 vy BRHEENERL TV D
Sample 1, 2 1F & & 3L F—EI D A-F5 L O B-peak DFEIEHREE NI < KT L X —FHIE D
E-peak DFENFREENGINZ & 30D,

KIZ A-, B-, C-, D-, E-peak COFES LI D bkl 58 FE K A7ME & TR~ 7=, Sample 2 |Z81F Dt H
% Fig. 2 27”7, Fig. 2 75 A-3 L 18 B-peak DR IEHRE LR U< LY ICHpIL7-, ZZTL
ITEREEE CTh D, Z OFRERN D A-FB L O B-peak |L[F UHEIC L 28 LB b5,
B-peak OFEEPUIMBENY RX v v 7ORHEBE FTH DL EMESNTWE[BIZ &b
A-peak DFEYEEJR S HHIE FIZ L2 b D EFE LTz, —F . FROMYT 25 C-, D-, E-peak
IIRMEHERIC L D 6 O & FRIE L7-[4],

g 49K " Sample 2

omMWWZC% o[ 45K

E A
V\W\ Sample 2 xé?;/\
\ *A\“

S

E
x 0.40 X 1
Sample 3 B/
1 1 w“j/ \‘

B-peak

]
A-peak

PL intensity (arb. unit)
PL intensity (arb. unit)

5.0x10° 1.0x10° 1.5x10°

15 2.0 25
Photon energy (V) Excitation power density (W/cm?)
Fig. 1. PL spectra of Samples 1, 2, and 3 of Fig. 2. PL intensity of A-, B-, and
TIBr crystals. E-peaks plotted as a function of excitation
power density on Sample 2.
. BEIR

1] K. Hitomi, T. Onodera, T. Shoji, Nucl.Instr. and Meth. A 458 365 (2001).

2] V. Kozlov et al, Nucl.Instr. and Meth. A 531 165 (2004).

3] R. Shimizu, T.Koda, J. Phys. Soc. Japn, 36 (1974) 161.

4] H. MT. Smith : Dr. Thesis, Materials Science and Engineering , University of California,
erkey.
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First-principles study of doping properties in 2D nano system TIInS;

FN B Al BESRY, B 2 JLHERS YA~ A KT
1 TEERY: H2A, 2 TIET RPN, 3 RIS RS T,
AT BNNA T V2T T X —

M.Ishikawa®, T.Nakayama® , K. Wakita ? Y.G.Shim ® and N. Mamedov*

1. Chiba University 2.Chiba Institute of Technology,
3.0saka Prefecture University, 4.Azerbaijan National Academy of Sciences

Abstract  TIInS; shows a two-dimensional layered structure and has
the Incommensurate phase at low temperature. Further, the optical
characteristics are changed by doping. Our research clarifies how
doping changes electronic structure and optical properties using
First-principles calculation.

1. HE

Tl REAE -G TARIR ST OFG sRiEE 2R L, THnS, 13 THE 23 2 IRoc D JElk
RS 2 R4, REIEMAT EBR O A5 7> S KIE TlX Incommensurate FHNFEET 5 Z & A
WwESH (1], Fe &2 R—7F25 LWINA~T MV ERT 5 b, BERetEr B
~OISHPHFEENTWD [2], LOLR—EU DA = XA%Mﬁﬁéﬁpm
T TR —FIEREINTELT, F=TMER ED K 51T/ FIEESE R
B H5ZTODDEIARATH D, =2 THRAITFEHFEFREEHWNT F— t/&
TR AEIMERE & ONFEED A B = X DTN 21T > 7=,
2. MEABIOELE

FHHETHW TIINS, D& 7 /Wi v 7 g & fikak L 32 i1 (T1=8,In=8,5=16) & L,
F—7 O RIIHERE T % Fe ICZ -4 5 [EH L FE NS Fe [N EA S LA
WTITo70, R, BTNy MEEDN RO T, fAR TR N 2 iR
L7z (Fig.l), R—7IC X » THiE T4 bl & A=EH FimiX Fe i1 & SIRFDOfEE &
FEREEIRIBIZ K o> THERR S L, N FOBHE X Fe - S O R L F — LD 2T ié_
EM Mo T, HFRINANRT MV OFHEFEFR TIE N M2 R LTI
—7 ﬁ)fﬁhfﬁgﬁfft%%nﬁ%ﬁ—é L é’ﬁﬁmu 1/7:—-0 %ﬁi%f X Mn F— v QOU\’C%)%&
ETHTETHD,

2 T T K T Z
Fig.1: Calculated band structures in Incommensurate TIInS,, (a) bulk, (b)Fe-doped

BEIHR
1) N. Mamedov et al, Phys.Status.Solidi B 252,1248 (2015).
2) O. Alekperov, A. Nadjafov,Jpn.J. Appl. Phys.2011, 50, 05FCO07
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FEmEEk () &2 0 L 7= ifglc L 5 CZTS D 2R m AL EE
Surface Treatment of CZTS Thin Films by Sulfuric acid with iron nitrate (111) nonahydsate
il B CEE MY, HEPORSEL A VR
WA R MR ORISR 2 A A2
1 BRI BRI BRREAE L5

2. R ITESFHMER BRE TV AT L LR
Yuuki Nakayama!, Hisashi Miyazaki!, Masami Aono?, Hiroaki Kishimura®,
Yuuki Endou?, Kazuo Jinbo? and Hironori Katagiri?
1. Department of Materials Science and Engineering, National Defense Academy
2. Department of Electrical and Electronic Systems Engineering,
National Institute of Technology, Nagaoka College

Abstract  The CZTS thin film was immersed in sulfuric acid with
iron nitrate (111) nonahydrate. The selatatine film thickness decreased

with ireseasing in concentsation of Fe(NO3)z-9H0. Therefore, sulfuric
acid with Fe(NOs)3z- 9H>0 is one of the etchants for CZTS materials

1. IZTT®HIT
Cu2ZnSnSy (CZTS) 1%, AEHIHEIREIZH 1.4 eVAHETH Y . HWRINRIT 104 cm1 &
ERE W OHEBRKGEMOWIVE S LT#E LTS, LrL, BESELATWS
CZTS DML 10% B RiETH Y . BERME & bl LKV, Fox i, CZTS #
PR MR % RSB 2 i 2 & ¢, RI-CAMORMEZFRE L, FhEROm BT
WD EBZ TS, RIFFETIL, BbAl & L CTHIREC X ZRiMRICasmeek () Juk
Ty % M0 2 7= I2 CZTS A IRIE S, £ OB LE T,
2. EBRFHE

CZTS #f5x, CZTS Bi—%—/4" v F/)vb MolSLG ik Bz A Xy &2 ) o 7k %
WCF I h—F L LTHRIE L0, HeS # Wb i & i L CTERLL 7=, =D
. BRERICAERESR () JWKFI#Z Il 4., RIEBEZ b6 L7z, #UBHX. Raman #ELSy
L, SEM 36 LT EDX I TREHM L 7=, O
3. MEBIVOELR .

112, Wrim SEM 40645 5 - EEO L 2R
T, WEEOHRTHWADT 205, HEesk () 2z b
EEE OB MNBE /20 | RENHIINT 5 & RE D
SRl LI, oz s, Fe £ 410k
ST, TyF U TERENINET LRSS,

212, EDX COMERRAERT, HEEek (1)

HR L L7
o o
R

o
By
T
1

0.6 1 n 1 n 1 n 1
. oo RNEREK(N)  WRRER(IT
ik e SR Sl

1. fifeek (D) o3 B 2k O R D 24k

DIREZEMSEDL LTV 7T (Mo) DOIREENH

M %, iR T ORI T Mo 23 CZTS IEHIZ Rl 00— | ; :
THIEIETHB LT, 1 ORRLBET DL, el 52” 1
CZTS DIEENH< 72 ofofod, HEBMTHS Mo & | & .
D EDX [ES DA L2728 THhH EE 2 5 fé s
ns, E% 405 o o : N
4, FER WQ 20- ¢ . o |
F 8 [ ] Q
0 L L L

gk (D) SR 2RI L IEmgIC L - T
CZTS #ifEn— v F o 73 b T &Ebnol,

K

Tt

TYEEBR(IT) AR BL(IT)
0.025 mol/L 0.050 mol/L

2. MHEESR(D DA (LD EDX O#5R
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Cesium-induced Surface Modification on Cu(In,Ga)Se2 Thin Film using Cesium
Fluoride Post Deposition Treatment without Selenium-vapor Supply

Tzu-Ying Lin"", Ishwor Khatri!, Matsuura Junpei'!, Kosuke Shudo', Mutsumi Sugiyama’,
Chih-Huang Lai? Tokio Nakada'

'Research Institute of Science and Technology, Tokyo University of Science, Japan,

2Department of Materials Science and Engineering, National Tsing Hua University, Taiwan,

*e-mail: shelleylin08@hotmail.com

Substantial efforts are underway to develop high-efficiency Cu(In,Ga)Se, (CIGS) thin film solar
cells by alkali post-deposition treatment (PDT). Recently, the addition of heavier alkali such as Rb
or Cs-PDT has successfully further promoted CIGS solar cell efficiency. However, the key factors
to improve cell performance by the heavier alkali treatment is still unclear. In this study, we prepared
a set of CIGS films with different Cs addition without selenium-vapor supply to understand its effect
on CIGS films and the subsequent CdS buffer layer. We first deposited CIGS samples by 3-stage
co-evaporation process using to molecular beam epitaxy system then conducted CsF-PDT process
at the substrate temperature 350 °C. The buffer layer CdS made by chemical bath deposition was
followed by CIGS surface cleaning procedure. The Cs-treated CIGS film was analyzed by
transmission electron microscopy (TEM). We observed a new CsInSe; phase formation and Cu-
depleted surface after CsF-PDT without selenium-vapor supply. The corresponding Cu-depleted
region with CsInSe, compound at grain boundaries was identified using field-emission electron
probe microanalysis (FE-EPMA) compositional mapping. From the depth profile of Time-of-Flight
Secondary Ion Mass Spectrometry (ToF- SIMS), the CdS buffer layer has lower impurities of Cs-
treated CIGS sample. The CsInSe> may play the role of impurities barrier at grain boundaries

through CIGS into CdS buffer layer.

Zone[201]¢ics

Fine
Structure

(CsInSe,) . -

g o/
~18 4N CsinSe,
AN (221223

Figure 1. (a) TEM image, (b) diffraction pattern, and high resolution images of (c) CIGS/CsInSe>
interface (d) CsInSe; of Cs-treated CIGS sample.
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Cu(In,Ga)(S,Se)2 KIFEMDt >y LB IZHT 2 BESHRIT

Recombination analysis of Se treatment on Cu(In,Ga)(S,Se): absorber

BRECR |, =A%, A. Lafuente-Sampietro!, M. M. Islam', HIEEHRt 2 EERLEL 2, THBR 2
MARRHE!, BHEE
1. FURKEHE, 2. V—53—2JA T47?
J.Chen', S.Wang!, A.Lafuente-Sampietro!, M.M.Islam', T.Kato?, H.Sugimoto?,
Y.Hirai?, K.Akimoto!, T.Sakurai!
1. Univ.Tsukuba, 2. Solar Frontier

Abstract A world record of 22.9% efficiency has been achieved recently by Solar
Frontier K.K. using Cesium treatment (Cs treatment). However, the underlying physics of
this effect has yet to be fully understood. We investigated the open circuit voltage at
different excitation wavelengths and intensities of CIGSSe solar cells treated with Cs to
analyze the recombination mechanisms.

1. IZT®HIZ

T V7 U ALER I Cu(In,Ga)(S,Se)2(CIGSSe) b W N By ea it D ZE Hssh 3 ) 2 & 2R
T D, FRAEE, BRRGEEE A M 3 2235 5, ARFZE TR BIE DB
FARTEERENT O 12, CIGSSe YelUUE DY AR ST v U 7 OFFEEICER LT, B
D LAV DSBS ORI B R B AT S,

2. EBRFE

L oAb b (SAS 322) &2 TRl L 7= CIGSSe M o AALEE A fi L 7= 30k}
2OV, KB 2 /ESL L 7= (glass/Mo/CIGSSe/CdS/Zn0), R\ NT, ZnO Efiz 7
NU VTS0 X VMBICITL, Ly RXIZEVENR LT =500, 950 nm D E5@
FE B (Supercontinuum YEJR) & RS U CEW-EEFHEEZIE L7, 20L& X, ND
TANE T H 2 L CAFE AR L7z, 500 nm & 950 nm HEASEOR AL
IZFHFEH 100 nm & 750 nm & REE S5,

3. BRBIUOEE

X 1B B OB EER G2 R, 2LV, REEOFEHZ SV TIL 950 nm D
BASERRETEFD 523, 500 nm YERRETEE & bbEg U TR B G EE MRV Z & 2
bind, B LB ZfE UZREHC W T, IEICKAMEEEZITIZEAL
Aotz BABGEEE O BARGFMHEITCAR T v U 7 Ohi 3 258k L 5
HEAEEOENOHEKT LD TH S, FRIHEREETIEX v U 7 Ok 2@ < 22
TREOEBRAPERT DO, BZETOXRMPT NA ALV EEBETHZ LIZRD,
LU LN EZE TCORMSEERDTHZLICL D, RERFONAR YV T
LAMINETE L Z L E2RET D,

Fig. 1 Fig. 1. Photon flux-V, curve of the Cs+S anneal
> 06 o R 1 and Non-treated CIGSSe solar cells under 500nm
© 05] aa T ] o
g i g and 950nm monochromatic light.
soHq LT ]
= 03l " . i
5 1,2 500nm Cs+S I
g 0.2 —— 9502m C2+S :222; 1 [& & 3X#][1] F. Thomas, et al. Prog. Photovolt: Res. Appl., 25, 645-
& 0.1 —=— 500nm Non-treated )
& 0o ‘ 950nm Non-treated 667 (2017). [2]A.Gupta ,et al. SOLMAT 53, 385-401 (1998) ‘
' 1E16 1E17  [BFEIANISEIX NEDO OV R —MIIWEMSN THY, BIRAALIEH#T 5,

photon flux ( photonsecm?s™ )
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First-principles Study of Doping Properties of Lead Halide Perovskites

AR B il Pesk 2
1. THERT @A LHN 7 a—
Satoshi Akai', Takashi Nakayama®
1. Chiba University, Graduate School of Science and Engineering,
Department of Physics

Abstract Solar cells made of lead halide perovskites such as CHsNH3sPbls
have attracted much attention because of their high efficiency around
23%. In this work, we study the stability and electronic properties of
various substitutional dopants, based on the first-principles calculation.

1. IXCHIZ

a7 RSN T AT A N BRI, K2 R B @R O KGR A R & LT
RS TWb 1], FEEDER EICITEMZ p, n MOEBDBNVLET, FFHxy U TE
FENRE S ROV I 0GB OER DN EEN D, Ll NiE#ZiHW Bi 2 F—
T D LRI E LI RN E LT LE D [2], £ 2
TAMFZE T, CHsNHsPbIs(ZIIE XNV RO R 1% &

(a)

R —7 LERORERE ZOEFIREE, B FEI o0 Lo
FAaeRWTHE LT, 2 Gein L]
AS |
2. BB ? |
E7/VITIE 3x3x3 D unit cell #1001 50D Pb il f% - Ge Sn

Bx7p R—s_y MICEB LR %2 BHRICITE LB
HERIZ D < BB — U (VASP code) b V2,

3. MEBLUEBE

Fig.1(@iz, R— 30 ORI F—(EZEF D K—
/32 k& CHsNHsPbI; 1100 Pb % &#a S5 T R /L¥—)
Zond, I RTIEK 2eV, V IETIEN 1.5eV T, EH 5 s »
HREWZDBEMEBELITEZ D IC< WD ENDnD, KR SEmas=aaas

IV ERFOEE LD LT, F—=0 FOERAEK
NEDFRKNEEZZz 5N 5, Fig.1b)., 12/ v7 kO Bi
K="= R0/ R 2 7Rr9, Bl @ MmiE s i
RF— Ny REESD Z L3bnD, As, Sb D4 b FEE,
— 5 UL ROBE., 77T Z =0 RRBENLINFDT
FOUR (BT, UL Pb YA b OE#IT p BT
ARTw L BbN S, BT, ~a7rk BricBx e

7=%=. co-doping D AHEMEIZ DWW T bk T . N

ST Fig.1 (a) Formation

[1] M. A. Green et al., Prog. Photovolt., 26, 427 (2018). energies of dopants and

[2] Y. Yamada et al., J. Phys. Chem. Lett. 8, 5798 (2017). ?ﬁég;;)de}ggng‘:;ggres;f
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Light-driven flying balloons based on carbon nanotube films

AR 2
BB R
Takashi Ikuno

Tokyo University of Science

Abstract A light-driven flying balloon has been fabricated using
multi-walled carbon nanotube (MWNT) composite films, of which thickness
and density are approximately 6 um and 0.5 mg/cm?, respectively. The shape of
the balloon is a regular tetrahedron with approximately 11 cm length on a side.
By irradiating light, the balloon can be levitated like a hot-air balloon because
the temperature of MWNT film is rapidly increased and the temperature of air
inside the balloon is gradually increased. We confirmed that the maximum
levitation height is approximately 20 cm during light irradiation.

1. IXIT®IZ

WA T8 TOSZHRCEED ~N AT =X Y 7 e B E LI BN /IR
AT AD=—ANH 50, BRI ZFH U726k Fe— 13, BEORE, Ro%A,
Z L CH TRrOEZERME, OBLE» O BNHHANKECHS. Lo T, M - M -
B - K Y — R ATRE 70 LUV MRS 27 AOEBNHFF I N TV D, A
ZETIE, BRIV AT LAEMEET L7280, SMGHINC L 0 FE TR e ie i & L — 2 &8
TAIREL, BEEIET A Z L2 HMET 5.
2. aytES b LERFE

AW CTIRET D700 — IR, B -5
GRIEE « RSN - W ERBRE IR EE S o h
— R F ) Fa—T7 CNDICLVEREINLTEY,
FRREHZ L 0 SL— U NZER IS s —
WADKIRDE LI X VG 5. BIESGED
728, CNT B[] ZFIH Lz sv— 0 % (el
L7c. CNT B EEDO/ERGEA T D R EERE,
T AZ N, BEROREE, SR MEIZ DWW TR L,
KEF T/ S8— 2% UTOERE L d 5810 —
v OREIRE L FHEIELBIEE LT,
3. RBLUBE

ERL LU 72 CNT H BT MWNT 23R (23T
DER-TE (K@) 26D, AR 72 AT
MEDIEIEITA 6 um, [EEEIX 0.50 mg/em?, Na Light Time
WA DFEHIL 2.0X1072 m#/Ns, 5l-88V5E Fig. (a) SEM image of a typical CNT
1L 830.3 MPa Toh-o7-. {EHL L7 CNT »3L—  freestanding film and photograph of a
v (@) IR L 25, 2b— 3 tria_ngqlar pyramid-shaped CNT balloon._ (b)
A S 20 em DO A HER L= (R(p)). evitation of the CNT balloon by light

1%, ONT [ V0 & R & bt oapn T ociation.
IZDOWTIRAR A,

-

AWFZe1%, Bt C (18K04892) d—#h e L TEME S u7-.
BE R

[1] D. Floreano et al. Nature 521(2015)460., [2] T. Ikuno et al. Appl. Phys. Exp. 8(2015)115101.
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Hajime Shimada', Yong-Gu Shim?, Kazuki Wakita'
Chiba Inst. of Techl, and Osaka Pref. Univ.’

1. IXL®IT

=R CulnS, (X 1.5 eV DN RFE v v T )L — &R & IR E %
bOoTOREGEMMELE L TR TWD, T4 1L PLD (Pulse Laser
deposition){EIZ LV CulnSy WD IER- 21T > TE 0 | WHEEOMBULTIFE D=
\ZHZ—7y NOMBEEGIE L TWD, SEIH T 2R EIZEAE L7z CulnS;
HlEEZ S 7=—925Z L2k, SHBLOHIEE & b ITH MRS EMED
EALIZOW TN DO THET D,

2. ERFIE

PLD {£IZ L ¥ SLG 24 EICHEHRL L 72 CulnS, #ilE% 450°C 5 650°C £ TS 5
PR HIZ T =— VLB A2 1T > 72, 7513 EPMA(Electron Probe Micro Analyzer)
AT FBMEE(SEM), X R, T~ U BEL BB K - TR L 7=,

3. BERBLIUELE
S 7 =—/L L7z CulnS, D X MREHTOFEHR % Fig.1 (27~ 7, Fig.l H9
TOT == VREIZBW T T =— Vi K 0 BHENREBAO L TWD 2 L a2mER LTz,
R 600°C TH T =— /L TlLEAH
DIFE A ETRNERR L 7257,
F7-. SEM IZ X » CTHEDFEHE
EWrEAEBE L, T =— LiRED
AT X0 R O R AR A HE
RTLZEEMR LT, 7~
ELHIE i, IR T 7 =— i
LoTHELD CuS DE—IRNT
=— VIRE D RV E S
TN ZEnbhrolz, EHIZ
CulnS, HEEXm DT v~ v

Intensity ( arb. unit )

as depo.

VST BT = — LRI 3 IR R A
k5 BARIED L E T, T30 R
20 (deg)

Fig. 1S 7 =—/L CulnS, #E X #r[E
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Preparation and investigation of CulnSe2
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Takuya Nishimura, Minoru Yoneta, Tetsuro Kubo
Department of Applied Physics, Okayama Univ. of Science

Abstract CulnSe> crystals have been prepared at 1050°C using
compound substances as sources. We investigated the possibility of
making crystals of using X-ray diffraction and evaluated the samples by
surface morphology. The crystals show the X-ray diffraction pattern of
CulnSe> with chalcopyrite structure.

1. [IZL®IZ

[ -M-VL R AEEW 8RR, N RE vy v T ORIENAIEETH 5 LIRS, S
BN RKENZ &S EBERGEmAEE L CER SN TWD, £, BRIk
T HESARNERAE S LD S ILAMESCREMEIC b IR S LTV D, £ D H T, Cu(In,Ga)Sez
{EE W FERITE WEEZ R A2 T 5 KGR R & U CHFZEBR 23 T it TIHH
BIZE>TWb, —F, 1-M-VLEZRLEMFERE N—R LT DG KRR O
Wb @b s BRI, ¥ U 7 HEGRROBEOLL LT, (LEWIFER
H AR DR HIAEkE 2 7ot da KGR T 2 A 2D 5 Z ENLETH S,

— R ER O JLENE & BT 5 121E, LR R AT & TR T Ko
RWHFEE AR b D, ZHETIS, 1-M-VLh EREAEYHEERICBNT, In B
EHOWTERIRR RIS TEME V7 B E R TE 5 2 E WA ShZ[1], 514,
9 LimmshE 72 v 7 e T2 ERFGE N IS Ei SN D Z 2T, v a2
SERD K MG N B2 T A ARG 2 BB ST X912, 1-M-VLER{LEY
ERIZB W TS RIEHIE O BT ~T U T IT A URA[RE L 72D Z & NI
b,

AWFIETIE 1 -M-VIz R 1 ER O IEPEFIEICF 57 5 7= O - 78
it B L O REREZ HIE L C, CulnSex DEK & i Z T 72D THET 5,
2. ERRLEBLE

CwSe LAWK & IneSes (LAWK Z HRFEEE LT, [ UEAEE LA TRA
L7=%, WHEICOD—Rra— el LT AR EICEEE AL, 0%, EXF T

1050°C, #940 FpRIZVABE L 7=, XD X
7 BRIE P X2 — o L0 L D R R &
CoSe-nSe, | mlged7 = L3 CTE, EHE— 708 X
D, #E32 CulnSex DAEALDMGF HILDH Z &3

g Ly o T,
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S

z S TR
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<

1) ZEHAN, Blu#— BARBRKEFARE,
Vol.19, p217(1992).
TR, [ "
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Relationship composition ratio with target of CZTS films deposited by PLD method
%E XY INEERY, b HER?, BE Fot
1. TEILERTPRTGE LFOER EE FIEH#R LRI
2. REFFSLRT: TH0ER BT - BWRFH E W T30

1. IXC®IZ

PUITRHER CupZnSnS, (CZTS)IIMERICRICA D IR LA H LR EZH RN Enb, B
B ONERE W2 D, FTNV Ry v PR —38) 15 eV TH Y, KEGEMKINE
OB ENBREGEMMEIE LTEWRT Yy VBB T 5, ZIVE TOMFZETKY
EHIA R L LT CZTS 1281 DMt B rfds S Tnsd U, filt, $i4 1% PLD(Pulse laser
deposition)# & W CTHERL L 72 /R L DY —PED @V CZTS s 2 il L7223 2, mWAEHRER %
A4 DAL R £ T H4 AR L8 & 47, Cu-rich, Zn-poor, S-poor Tdh -~ 7=, AElE, #—% > k
DR 2 FHHE T 5 7212, CZTS £ifdh & ZnS, SnS Fyk & & HITHTZIC SR AL T, £k
fa X —7y NERERILIZ, 20X —4y hERAWT, #EZ2ER- LZF%, Cu/(Zn + Sn) = 1.0,
Zn/Sn=1.4 720, LIRS U7z i bbbl L Tl L7z,
2. EBRAE

AWFZE TIREARSUSIEIC K D CZTS LR sh DVERL & 5Ffi 21T - 7=, CZTS £ifidtiE, Cu, Zn, Sn, S
A% CuiZn:SniS = 2:1:1:4 OE VIR THIES Lo mRERBH 2 LR L, A58 ~HZ2 5 A
AT o 7o, WX 2 VY 950°C T 96 IRffH] DBERS 21T » TERL L7z, RIC, ML SRFIEEOERIC
CZTS Zifidh & A IE1Z ZnS, SnS ¥R 72T T2 < 722 S iR 2 U U CHLREL I HE L 72K oRalet
ZIERIE L, A3EICEEE ANEITo 70, BRIF A HV 400°C T 1 IR OBERE 21T > TIERL L
7o CZTS [ TlE Nd:YAG L — W —(J & :266nm, /L AHE :10ns)%& FV>, 0.5 Jem2 D /3L A
ANF—DOE—L% CZTS Ziftfas —7 v MRS L, 7T R B~ L7, ERL =24
gaZ —7 M X ONCZTS Wl IE X BREHTHIE, 7~ v lE, FE-SEM IZ X % K mifi%E, EPMA
\Z R DT A2 i L, FHlAAT > 7,
3 MEBLUEBLE

SIEWER U= 2fs 6 % — 7 v R TlE, CZTS Zifidh & ZnS, SnS MR 7217 TR <2 IZ SR Z IR
U TR FRFRE 21T o 7o, fER & LT, MLAREESRIZ Cul(Zn + Sn) = 0.57, Zn/Sn = 1.1, S/(Cu + Zn
+8n) = 1.38 & 72 v, Cu-poor, Zn-rich, S-rich T DAL EEZ G T 224582 — 7~ b OIERIZ AL
LTz, ZOX =7y NERWT, EEAER LR, Cul(Zn+Sn)=1.0,Zn/Sn=1.4 L7257,
ATEERL U 7= 385 Cu/(Zn + Sn) = 1.14, Zn/Sn = 1.04 & be#k L CokdE L7z, 1ERL L 7= CZTS Litidh &
—7y MR KO CZTS HIETIL, EPMA (2 X DM 4 ki L, 41T > 72, Fig. 1 1%, A EIfE
L7 CZTS DM (~ v B N Ermd, 2O~y BV ZERN D, MO )3
BENTZ, Fig. 2 1%, A EVERLL 7= CZTS KD X #RIar/ 2 — o OfERZ I~ T, X BREH/ 2 —
SR NG, AEIERL U 72 R & B LT SnS, Unknown O BAENEAD L, BABOUEN L ST,

VSnS, TUnk-n.(:»V\."-n3

hin film F1
D &6 0

i Thin filmF2 &
SRR

100pm
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Fig. 1 Element mappings of EPMA on CZTS thin-film. Fig. 2 XRD patterns of CZTS thin-films.

BE R

1) H. Katagiri, et al., Appl. Phys. Express 1, 041201 (2008).

2) M. Kotani, et al., Phys. Status solidi C, 14, 1600212 (2017).
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Characterization of Cu,ZnSnS, bulk crystals for the photovoltaic application

AR R, oK #ER Y WOE ERERY, mAME TN E L E ks
JRIRS 2% B PR, AR ARt
1. [ESZE SR - R, 2. FEERY
Masaru Tsuboi', Koichiro Oishi®, Kotaro Wakui*, Naohiro Ishizuki®, Akiko Takeuchi,
Naritoshi Aoyagi’, Shunji Ozaki?, Yosuke Shimamune®, Hironori Katagiri',
1. National Institute of Technology, Nagaoka College
2. Gunma University

Abstract  Cu,ZnSnS, bulk crystals were synthesized by spark plasma
sintering (SPS) method. The quantitative ratio of the Cu,ZnSnS, phase
was estimated at more than 98 vol.% by Rietveld method. The Broad
emission band peaked at about 1.25 eV observed in Photoluminescence
spectra. This emission was disappeared after the sulfur annealing. At the
same time, resistivity decreased and the carrier density increased. After
the following annealing in vacuum, those values were returned again.
The Hall mobility was quite low.

Fex 1L, CupZnSnS, 7V 7 il & W T2 KIG R T /S A A D EBU [T 727 7'a—
FHRLTND, 2Tl CuZnSnSy 7 /b 7 filidih O WPEREAf &2 595,

CUoZNnSnS, 73V 7 flidhid, JildE 7 7 A~ BEft % (Spark Plasma Sintering : SPS)i% CfE
L7z, MR XRD 73¥ — 2 Cid, 112 [ — 7 2R F SN D Zfls /e & &3z,
ES D kesterite FrA DRI — 27 HHER I 72, F72. odered F7zi% disordered
kesterite E7 /L &, NHEED CuS. YL HEED ZnS, E D SnS OfEsbtEE T T V&
A L72U — bbb MEIZ L DRSSO E BT TIL, CuZnSnS, 1x 98 vol. %Ll b %
~LT,

PL A7 hLIZIE, 1.25eV ffifTic e — 7 RO 7 m— Rt s iz, =
DRI FZFHAR P BB L > THHA L, S HICEZEPEVLEZICHERB L,

— 77 . PRI IEF R P AGLERIC - TR L, BB L > THEnL
oo M LIZF Y U TEHELR—LBEH ' ' '

2 21

E%ﬂ_‘_\‘j—o ﬂ:__/l/%ib};ﬁtci*@y)({&b\o '_|10 E_ ..................................................................... _E 10

BULIIZ LD PL A2 PAOEL o L 195420 [
1T, S DG ETRRL TV D, 2 gl =
Culns Tl S Z4LiE R —& ks 5 |2
HLEESNTHY, BIIZESXv Y 2 | o] 2
T REEE OBATIE CulnSy & FBEICEIA 5 100k 10 3
ThrILnTESL, FxEEx Ty E | 1 &
%o 3 0.35 1 s

Zﬁﬁ%@ggﬁﬁil:j‘y“/*—/l/ﬁjﬁ I 101 E_..Q.-Zl ...................................................... 013_ 1018
B & N = )L — R PR B [ i :
2K 77% Bj] EJZ 2k - T ?? bz ° Before Iannealing After S-z:mnealing After ar;nealing
SEM-EDS, ¥R X #REHrO#IEIL, & in vacuum
[ Bk L[/~ &= % —TfF-  Fig.1 Effects of annealings on the carrier density and
. the Hall mobility of a Cu,ZnSnS, bulk crystal.
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Preparation of Cu-Sn-Si-S thin film by solution coating method

B RE, QI KM, B Azt
P HESZ (Y e PNES
Norikata Abe, Daiki Otogawa, Kunihiko Tanaka'
Nagaoka University of Technology
E-mail Ttanaka@vos.nagaokaut.ac.jp

Abstract  Cu-Sn-Si (CTSi) precursors were prepared by a solution
coating method, which is a low cost and a non-vacuum process, and then
the Cu-Sn-Si-S (CTSiS) thin films were fabricated through a
sulfurization process. The prepared CTSIS thin films were evaluated by
XRD, EPMA, SEM, Raman spectroscopy.

XU ®»IZ
wﬁmdmﬁi%ﬁKW%mtwﬁﬁkLfmm%nfmé LML, N ¥y
Y PR F—13092-1.02eV TH Y JERINEICHE L7 ¥y v 71D /S
W, CTS & Si &t &7 CTSIS s Thiid, HEEEKGEME L TR/ N
P??yfi*w¥~15&”@%O:&ﬁb#ofwémom@s%ﬁﬁﬁE\XN
v ZIER L OREETERFRER R H D, L LAy XIEBLORERITIEZE S
T ADTDEMITIL Y LTV, £ 2 TR TITIEEZLE T 1 X Th HIRIKE ﬁ&
X v CTSIiS s 2 7ot 2 CIERIT 2 = L 2 BIICERE2 1T - 7=,

2. EBRHE | [ Cu,sis, #00-019-0404 |

Cu. Sn. Si Z& ATEVRIR 2 FAVWT, R |
FleAabvya— MNECLVSATH D L |
TCTSIi 7V —H &R LT, 7V H—
& Bk E &5 e R B A R CNEVLE]
9% Z & T CTSIS A ER L7z, 1ERLL
724> 7Lt XRD, EPMA, SEM. T~ - | .
ﬁj\ﬁ'ﬁffﬁli @ %*ﬁng,ﬁﬁ 1/77—:0 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Diffraction angle, 20/deg

3. MRBIUBE

Figure 1 (ZER S 7= > 7LD XRD
INE—ThbH, CTSIS L ABLNDLHE—7
NHINLTWD, 7~ 41, SEM, EPMA
72 EDOREROFEMIT Y IS5, P,
P T NFINTIEZE < O B DT L“Cb\
77:—0 lﬁjl:ﬁl]}jéffa? CTSIS %Hﬁ{?%@fg 25.0 25'.5 Zf;.(l 25;.5 27".0 27".5 ZHI.(] 28I.5 29I.(] 29'.5 30.0
R M OBEEDPBLETH D, Diffraction angle, 20/deg

Fig. 1 XRD pattern of CTSiS.
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1) Kotoba Toyonaga and Hideaki Araki, Jpn. Phys. Status Solidi C 12, No. 6, 753-756 (2015).
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Preparation of Cu-Sn-Si-S thin film by particle applying method

LoT— X7 FE A, | AfEF
LE HUU NGHIA, Norikata Abe, Kunihiko Tanaka*
Email *tanaka@vos.nagaokaut.ac.jp

Abstract In this research, the Cu-Sn-Si(CTSi) precursors were
prepared by applying raw material powder on substrate and heat
treatment, and subsequently sulfurized at high temperature to create
Cu-Sn-Si-S(CTSIiS) thin films. The thin films were then evaluated by
XRD, EPMA and SEM.

1. IXITBHIZ

BAE, LAY KESEM Tl CulnixGaSe, (CIGS) & CdTe N E<fHEHEN TS, L
L, BARRIZENT In & GalifffEEmnbial, CdiTFHmThDH, €I T, K=
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2. EBRFE
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Fig. 1 XRD result

[1] K. Toyonaga and H. Araki, Phys. Status Solidi C 12, No. 6, 753756 (2015).
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Study on fabrication method of Cu2Sn1xGexSs thin film by sol-gel sulfurization method

A 28, mf A2
R BB 2R
Kyouhei Yamamoto, Kunihiko Tanaka
Nagaoka University of Technology
Email : tanaka@vos.nagaokaut.ac.jp

Abstract  Cu,SnS3(CTS) can be adjusted to a band gap energy
suitable for a solar cell by adding Ge. A method for preparing a
Cu2Sn1xGexS3(CTGS) thin films by sol-gel sulfurization method were
investigated. Precursors were deposited by spin coating of Cu, Sn and
Ge containing solution. The precursors were sulfurized at H2S(3%)+N2
atmosphere. XRD analysis of the samples showed shifting a CTS peak.

1. XL®HIZ
CuzSnSs(CTS) Tl K b5 78 LI X 22l 2> 2 B & \AFTE T 5 Jn 3k THERK S LT 0 4
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OV AL (5 KT DR & b7 :%%
N~ = AOWEERS U CTER L=, —600C

A a— MEICK > TEDRKNS T
U 71 —H% 2 ER Uitk SR 2 3 TR
OS5 Z & CThifbEIT o 7.
AR O, CTGS KED 7= HIT %
BT T o 2. &AM EIE 10°C/min,

60 min, 200°C, —J H Ofiit{kiE 60°C/min,

0 sec, 450~600°C & L7-. fE#LL 724> 7 /L% XRD, EDX, EPMA (2 X v gt L 7=.

3. HERBIUEBE

Figure L IZ/ERLL 7= 7LD XRD /XZ — > %3 . o 7oK e — 7 TIRRE
DMEVWVEE CTS @ XRD B —27 5 CupGeSs D E— 7 AT CTDO V7 K& o7z
ZEMNDEIRIZE Ge BT TWAH EHERIL TWA. F72, 7 FEN 02°THDHZ
EMNDIHER 2 E DI ORER x=02 THDHEEZ TS, 2

BEHER

1) H. Araki, M. Yamano, G. Nishida, A. Takeuchi, N. Aihara, K. Tanaka, Synthesis and
characterization of Cu2Sni-xGexSs, Phys. Status Solidi C 14 (2017) 1600199.

2) R. Fujita, N. Saito, K. Kosugi, K. Tanaka, Preparation of Cuz2Sn1-xGexSs bulk single crystals
by chemical vapor transport with iodine, Journal of Crystal Growth 498 (2018) 258-262.

oY L e e e el

Diffraction A%%Ie, 20 (deg.)
Fig. 1 XRD pattern.
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I X b CVD I & B Cu,SnS; EIRIER D3 A
Fabrication of Cu,SnS; thin film by mist CVD method

AE EAE A S, | AET
P HIESZ (Y e PNES
Mao Kowata, Fumitaka Yosihisa, Kunihiko Tanaka'
Nagaoka University of Technology
E-mail: ftanaka@vos.nagaokaut.ac.jp

Abstract  The mist CVD method is a low cost thin film deposition
process in a non-vacuum. Cu,SnSs thin films were fabricated by mist
CVD method and the thin films were analyzed by XRD, EPMA, SEM
and transmittance and reflectance measurement. From the XRD result
the deposited film contained (111) of monoclinic Cu,SnS3 and (101) of
SnO,.

1. IXCHIZ

BHZEEHEZEH L2 KREGEMRIIER X FRAEWADBMEE > Tnd, £72, Bl
EFERE 2> TODKRGEMITIIL T A X AR FEONATEY O8N E 2 A FDJR
o TS, £ ZTARIFFETIE, T AR CVD B & W) BEZ2EE 2 ] L2l
BEFEEZERA L, MO LT A XV a7 CuSnSs(CTS) IR D /ERL A 57 77,

2. EBRFE

AWFZETIL, 2 A  CVD %% VT 400°C T .
TNEL U 72 SLG ek iz, #likzisgt s U, Sk -
#(SnCly) & Ha{L4R(CuCly) 2 & BB RE 2N 0.4 M &
RLEDITEN LT WIREHRET A2 iz ko
TV I —HZAER L BifbKFE+EREST
AFHR T TN L TS5 Z L TH 1. s

B ERLL 7=, (R 724 7112 XRD.EPMA, 2 Qg il s
SEM. ot EERHT & v R L 72, ] h

] ' | ] | | (|||3.‘~n&'- '-'(F(?-:JZ.-‘-(H‘NI
AERBIUOERE 10 20 30 40 50 60 70 80

Figure 1 ﬁ:»ﬁ‘:‘% L/f‘:-ﬁ— ‘/70/1/0) XRD %ﬁ{ﬁ”%% Diffraction Angle, 20 (deg.)
B, HANRSR CTS O(111), (220). (311)D &° Fig. 1 XRD pattern of CuzSnSs.
— 7 BB &7z, LavL, RIFFZ SnO, (101D v — 7 L 8Ll S iz, Ziuid il
HNEARF T SnO, 2N Eeblt BITTER S 41, HAEIRFIC O & S DEHTERITIE Z - T
ZENRETHDHEEZEZTNWD, EDOTDHALFHEOUENVLETH S,

>

® Cu,SnS,
A Sn0,
# Unknown

Intensity (arb. units)
(111)

HRE
ARWFTED — BT =AY — L F RN OISR B MR AR AR IS B
DI ZZ T T2 b DTY,

BE R
1) Gincy Sunny, Titu. Thomas, D.R. Deepu, C.Sudha Kartha and K.P. Vijayakumar. Optik.
144 (2017)263-270.
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Low temperature hydrothermal preparation and characterization of

CuzSnS;3 powder
Mohamed S. Abdel Latif -2, N. M. Shaalan ' and A. Abdel Moniem !

1: Dept. of Material Science and engineering, Egypt-Japan university of science and technology, Egypt.
2: Engineering Physics and Math. Dept., Faculty of Engineering, Tanta University, 31521 Tanta, Egypt.
3: Physics Department, Faculty of Science, Assiut University, 71516 Assiut, Egypt.

Abstract

Cu2SnSs flower-like nanoparticles consisted of nano-flakes were
successfully produced using hydrothermal technique at 120°C for 12 h.
The precursors used in this process were CuCl2.2H20, SnCl2.2H20, and
thiourea with dimethyl sulfoxide (DMSO) as a solvent. The results
showed that the as-obtained product was Cubic Cu2SnS3 with secondary
phases CuS and SnS, and after sulfurization process, a pure cubic was
obtained. The physical and optical properties have been investigated.

1. Introduction

In this study, we have obtained a reproducible copper tin sulfide (CTS) nanoparticles using
hydrothermal technique at low temperature. The lowest temperature used in creating CTS using
water was 180°C. Hydrothermal technique is very suitable for solar cell layer nanoparticles
fabrication because the reaction takes place in closed clean environment, cheap and faster than
other chemical techniques as controlling temperature and pressure together [1]. Hence,
synthesis of CTS nanoparticles with lower defects and higher crystallinity will help in
expanding its area of applications in creating highly efficient solar cells.

2. Experimental details

50% DMSO and 50% Distilled water of solution’s total volume used are mixed together. 2
mmol of CuCl2.2H20, 1 mmol of SnCl2.2H20 and 3 mmol of Thiourea is added to the solvent.
After being completely dissolved, a homogeneous milky white solution can be gained. Then
the mixture solution was transferred into a Teflon lined stainless-steel autoclave. The autoclave
was sealed and maintained at 120°C for 12 h, after cooling to room temperature naturally, the
residual black powder was collected and washed several times with distilled water and alcohol
to remove the by-products, and then dried at 60°C for 6 h. The as-obtained powder and sulfur
were inserted inside a thermal tube furnace to be annealed at

CTS © [ Sulfurized]

500°C for 10 min in sulfur atmosphere under low argon flow. . s
A SnS

The heating rate was 20°C/min and cooled down naturally.
The resulted powder was pure cubic CTS.

3. Results: Structural analysis

Fig.1 shows XRD patterns of as-prepared and annealed
Cu2SnS3. In case of as-prepared sample, the XRD
diffraction shows that CTS phase in additional to second
ones CuS and SnS. Upon this result, the sample has been

Intensity (a.u.)

annealed at 500°C in sulfur atmosphere. As a consequence, a
cubic CTS single phase has been successfully obtained with . [ 1
narrow peaks which gives indication of high crystallinity. 001020 B B ey 0P 0

References . Fig. 1 XRD pattern
[1] C. Sun, H. Li, H. Zhang, Z. Wang, L. Chen, Nanotechnology,

16 (2005) 1454.
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Influence of annealing atmosphere on SnS thin films

OffEE R L mTu &SR P ECRER Y, B K1, il pE 2
1. WRTEARL R B TE /2. B BRRT EMERT
Takenobu Funatsu', Takato Takaesu', Shintaro Kado', Taichi Tosuke',
Mutsumi Sugiyama'~
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science

Abstract Tin Sulfide (SnS) layer were annealed at 620°C for 5 min
with SnS powder to enlarge the crystalline grain size. While after
annealing the Sn2S3 was formed on the surface. This result indicates that
a SnS powder may partially evaporated to sulfur vapor while increasing
the temperature and react with the SnS thin films.

1. I ®IZ

A A A (SnS) i, MEHCTH 5 A A(Sn) & Fii s (S) N Mk H I % < FFAE L, KB
FeWUE DR EEE LGl L7232 RE v v 7'(1.3e V)@ W R IR E(>10* ecm™) & £F
D12 EnD, WHARKBEMOERIUE DM ELE L CHfFS b, L, 8l
1E SnS KEGEM D m ARG =IT 4.36%[2] TH Bl A HashR & K& < T EENn T
WD DMNEIRTH 5, SnS KEGFEMONRD A ED7T=DI12iX, Sn-S {LEWM DL EWE
Th D SmSs, SnS: ZFED R EZMGITHHLENH D, 2T, BEOMEHIZmIT, 2
SLERIE D FRPHS D IEN DS SnS MO R MEIZ G 2 DB A Mgt LT,

2. EBRFE

REF v 7 % b ARy Z 5% AWV T Mo/SLG _FIZ SnS #H#EfE L7=, T D%, S.
SnS, BE N S+SnS /N7 X —Z HUWTHIRFHLH T 620°C T 5 43 [H OBULER 21T,
HAE ST~ L iE K OVEDX 2 X0 I L7z,

3. BRBIUELE

—f5i] & LC Fig.1 |2 SnS FRPHAESLEL % O SnS Ik L CIESR T~ HIEELT
VY SmS3 IZE KT D E D ZEM~ v ¥ & Rvd, SnS HHABVLERIZ BT, K
(2B —TliE e 7 v A VAL TEIEDTER T 5 2 L 28 Lz,

1

€ 5 S ey

S B SN E L " J ‘!

o THET R Wy RO (2 T < IR Al - - 1.06

W LEY, £, AHFEO - #HIESORHE T - NV t | |1.05

SERERFGE T T T 4 v T HE(2017-2021), ' -

HOBR KRR AR A N— R o =— , ¢ N — 104
0.2Y

103 Counts

BRoeE o & — . OSRORK A B 03
KRR CHAIFEAR OB 22T, | _[
(5% 3R] - 2pm . 1.02

i . I
[1] G. Valiukonis, ef al., pss B 135(1986)299. [2] Fig.1 Confocal Raman mapping on the
P. Sinsermsuksakul, et al, Energy Mater.

Sn2S3 intensity distribution in a special
4(2014)1400496. window between 270 and 320cm™.
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Br N—7 n %l SnS HiE& B L & YL
Single crystal growth of Br doped n-type SnS

FE ffE, Rizky, fM 2F, B fE
B RF e ELRFPRAEEN LEHRcibs=a—2x
Kazutoshi Inoue, Rizky, Masatomo Kunugi, Hiroshi Yanagi
University of yamanashi, Integrated Graduate School of Medicine, Engineering and
Agricultural Sciences, Applied chemistry course

Abstract  Tin Sulfide is attractive material for next generation solar
cell materials. Tin sulfide is an earth abundant, non-toxic and low cost
material with high absorption coefficient and suitable bandgap energy
for high efficiency solar cells. In this study, we report the way to growth
of Br doped SnS single crystals. Hall measurement results indicated
n-type conduction.

1. IZCHIZ

GIEEE CTEMEORW K EMMEE LTSNS MR S TW5, SnS IR
B < EEALNFRETH Y . KEEBMICE L=y FX vy v 72 HT5, L,
BT BT D I R HAZN 1T 4.36% &KV 1], SnS 1Td 1T p -8R TH 5 7o
D0 BIZIXBREMEIZ NS0, ~T eEAREICBIT 2O I A~y FREN
ZORNEEZ BN D, BHHROM EIITRTREARRD H5 5 SnS D n Ffko
WEGNID2L, Pb &2 R—T7 LSRRI 20N E e E 2 ETe 2 & HEMMEN
Kb TLEH, UME=ETILICl Z# F—t 27 L ni{kaEmk L., BiEma2BFmRL
TWA[3], FxlEx Br R—712XL D SnS @ n AU L=, ARAFFETIL Br K—7"n
A SnS HifE AL B BIEIZ OV TG T 5,

2. RBRIFIE

Br F—7"8SnS (X SnBr, i L L7e7 T v 7 ZIEHM LTz, Ny B m—7 R >
7 ANT SN, S, SnBr, MR L, AIHENICANRZEEE 21T o7, Ok, B
T 520°CC 24 RfEIBERL L, 210°C & T 36 BRI OTRin 217 72, 3 b fcalktak & =
B —VTHHET B T LICE D 7Ty 7 AERE L, BRI oV AR
BT (HLi#d XRD) |, AT (WDX-EPMA) | FEAUHFHERTAR (Hall JIE) 21T -7,

3. ERBIUOER
B LM% Fig. 1IZRT, fEdaO—U DR S 23~3mm OSSR 1F D vz, B
RSN OFE R D Br R—E U I 2R FEBED Y 7 MIR N o T2,
FEFEZ VLI NE SNS OEWNIZ Br B —IZ0H L TWA I ENSMNY . FOMElE
04-05at%% /R L7, SONMERETITBWTAR—MRENADETHY ., FL
- T N AR n RS R R T LR S LT,

2 Bk

1) P. Sinsermsuksakul, et. al., Adv. Energy. Mater., 4 15
1400496 (2014).

2) F. R. Yong, et. al., and T. Kamiya, Sci. report., 5 10428

BB Y
BeS -

Fig. 1 Photomicrograph of Br  3) Y. Iguchi, et. al., Inorg. Chem., 57 12 (2018).
dope single crystals
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TR K0 (B L 72 SnS i %642 BriRino
Influence of Br doping on SnS thin films prepared by CSS technique

Rizky, it
Rizky, Hiroshi Yanagi
AR R TRPAFE RIS s 2 — A
Yamanashi University, Graduate School of Medicine, Engineering and Agriculture,
Applied Chemistry Course,

Abstract Br-doped SnS thin films were fabricated by close spaced-sublimation
(CSS) technique. The SnS thin films synthesized with a 3.5 at % Br-doping
concentration showed a very high electron mobility of 64,1 cm?/Vs due to the
large size of the formed crystal. The orthorhombic structure was also confirmed
for all samples by XRD peaks.

1. IZC®IZ

SnS I A KIGE I ORI E & U CTHERZED TWAER, p AURE LR 3,
T RS TR SN SnS JEBEKBFEMOZIRIT 4.36% I > TCWnD PV, n A
SnS DEBUIREHEE ~DBE L E LN FEOM L2 BRI E 5, AT, Brii
AN SnS MR Z ST HE R HEEIC X DAERC L, 15 DT EIRO R OWTRET 5,

2. EBR H 1k arep Heater Glass tube
AR WEB IO LA R E o —T Ry 7 AR DHYANS D) I

THRL, BA L, AT T ABICEA L, 520 °C 'l{'ﬁ“f’"ﬁff, 1) '
T 27 WERIBERL L7-, o izitk K% Fig. 1  Carbon char

(g A E RS (TR & L, 600-700 °C T 5 Bl

SYEIME L 7=, 5 5 7= EEsCEHE XRD, et

EPMA, R— VHIEIZ XV 3l 24T - 72,

Fig 1. Schematic diagram of CSS
system
.RERBIUZBE
XRD HIEIC LV, BADORNEFEE a = 11.18, b = 3.982, ¢ = 4.329 ZF>f )
paiE & D SnS N HILTE Z & A HER S 17z, EPMA 1 X B HHE AT O B E S I Br
ITHER ST, A—AJEDORERETOERN p MEELZRTIENPALNER S
72, 700 °C CTHIE L 7= B DR — VBB X, 600 °C, & 650 °C CTHLEL L 7230k o i
FU@m<, ZHIEERCTRE L 7ZEEOR SR A ANKRENWTOTHLHEBX D
ns?,

BE B

1) P. Sinsermsuksakul, L. Sun, S.W. Lee, H.S.B. Kim, C. Yang, et al., Overcoming efficiency
limitations of SnS-based solar cells, Adv. Energy Mater. 4, 1-7 (2014).

2) J. N. Roy, D. N. Bose et al., Grain size dependence of mobility in polycrystalline n-indium
phosphide. Journal of Applied Physics 54. 847 (1983)
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Fabrication and characterization of SnS thin films prepared by CSS method

fefE F—, B FB, Rizky, KH  IEF, B
WBRFERF P ELRFREAFTE LEHIIcbsa—X,
Koichi Sato, Kazutoshi Inoue, Rizky, Masakazu Oiwa, Hiroshi Yanagi
University of Yamanashi Integrated Graduate School of Medicine Engineering and
Agricultural Sciences Applied chemistry course

Abstract  SnS comes to be recognized as a new candidate for a next
generation thin film solar cell material. It has a bandgap of 1.1eV, which
is nearly ideal value for getting high conversion efficiency. In this study,
SnS thin films were deposited by close spaced sublimation (CSS)
method. Electrical properties were evaluated using Hall measurement:
The highest carrier mobility of ~32.2cm?/Vs has been achieved.

1. IZICHIZ

BERBGE AW SN DLW LERICITFEE RSOV T A X AREE T
HHDMNEN, T TLT AKX LT Y —InOBREEIZE LV SNS (27 EH L72, SnS 13N
v RE¥ ¥ v 7 11eV & KBEMMEIE LTl LZEEZA LTV 5, I x5l
I X0 b2l i H- 3855 2 Vs SnS IR (ERL & Bl 21T - 72,

2. EBRFE

AR L A 1.1 TR &%, 1928 IZE 285 A (~5Pa) L 520 °C C 12 BEfNE3 2 =
& CRPEDOARBIRE 72D SNS K Z B Lz, AR LT EE I —R o TIER LA
JE\ZEE OB A TN T A HM & # O FITEE b O % A 358 12V L 22 HE K (~10Pa)
L72e TNEFRIMRE T —/ KA A — PN T 600~750 °C O#FFH TINEAVT 5 Z 212 LY
BN Z 1T o 72, BN X BRETHE, S — A JEIC LV M E1T > 7=,

3. MRBLOELE
X BRIEHTHIE DRER D O G LIZ R b B O v — &
TR ST HHO SNSHI ARG LT Z ENRH LN E 2 |
o7, VERLL 7= M CIRM ARIT FL =T 200, 400, 800 7 b
B— 2 2388< 725 TH Y 100 HHEICEI L TOBD EEZ Ll et
b5, BETII2 0RBRENOERIZERSZIZI LD, B 00T
HIOBINNC G > TR K X < 2o 7278, 4 LMK g1 xup sl o) i ) powder
WAL AR b e o Tz, MBVREZ &< 35 2 & Thifk
IIRELS 2 o723, 700°C 2 2 5 & I3 L CIHEIK
U7z, LA EDORER B B KRBT D 4L D BB 1N £,
IR 700°C, MMEARER] 4 0 CTH D Z ERHLMNE o7,
= VHIE DFE R HETOMEFT p AUsEEZ RT 2 LN > |
S22 E 720 %% U TRBEIEIL 700°C -4 oo BN e
L 72 SN e K (32.2mPIVs) & T o 7=y KIFEN R E K 72V KL Fig2 snS thin flm(700°C 4min)
RN DI DI EBBENRM ET5EBZ20615,
SE 3R

1) Landolt-Bornstein - Group V11l Advanced Materials and Technologies Volume 3C 2006
2) Fundamentals of Semiconductors (Physics and Materials Properties) | Yu. Cardona |

el

Intensity(a.n.)

0
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High voltage conversion of dye-sensitized solar cell with TMDC nanostructure thin film

LR, A Fel, AR 5, & EK, Al F
Tokyo Univ. of Sci., K. Fujimoto, H. Kokubo, K. Kaneko, and T. Ikuno

Abstract  Dye-sensitized solar cells (DSC) can be expected as a power source for indoor 10T
devices. Since high voltages are required for the operation of the 10T device, it is a problem to
increase DSC voltage. Therefore, in this study, we propose DSC that permits long wavelengths
to pass through at the optical pole and absorbing light reaching the counter electrode with
semiconductors, so that high voltage can be expected by bipolar power generation. Actually,
DSC was prepared using WS: for the counter electrode and D131 for the dye.

1. IFL®IT

BEHEKR M (DSC) 1X, EWN 10T 734 A0&ER E L THFRFCX 5. loT 7
A ZADBEHEIZITEELENRD HiLH =, DSC OEETEIPHETHL. 22
T, ARBFZETIE, JeMRic wfﬁﬁﬁ%@Léﬁ KRB L 72 & -8R Tk
T 252 LT, WmmREE L BTN TE 5 DSC #18E T 5. EBIZ, *xf
R WSz, B3 D131 %ﬁﬁb\f DSC Z#{FR L 7-.

2. EBRHIE

WS, DFERAR & LT WOs & V2. WOsix, MOD K (il L2980, SYM-
WO05) % HW SRS Tk L7, EHERYER 2 b o3 D131 N E LT
TiO ZFLE M L, FTO JEMR LICTER L= WS %, EIGAN L THATHZ LT
DSC Z{Ef L 7-.

3. RREBLUESR = —
KRB WS2 2 W CYERLL 7= < . Ws
DSC %, xHilc Pt & v 7= DSC k E ?
T, BREEREE - BEE g 0.2
LI L7z (Fig. 1). Ziud, é 5
TG LT TiO2 LB & EfR € o1
WA Zm LT RIERIGIZ D, xR =
D WS2 1BV TR S+ U 7 2vE 2
0 0.2 04 0.6

LT THDHEBEADRD. Voltage (V)

Fig.1 J-V characteristic curves of fabricated DSC
with WS: as the counter electrode
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A method for transferring porous TiO: films to flexible substrates

ROk, REF el A%
FORPEARL R SEHE T8 & IS 0 s
Sho Okubo, Toshiki Yano, Takashi Ikuno
Department of Applied Electronics, Tokyo University of Science

Abstract Substrates that can withstand high temperature processes are necessary for
fabricating porous TiOz films. However, it is difficult to form on flexible substrates with low
heat resistance. Therefore, we developed a method for transferring porous TiO2 films from

highly heat resistant substrates to flexible substrates.

1. IILHIZ

TiO2 Z AU Tl N TOEAk, AR KGERZ SIS Tn5.
INLDORTEALEOLGITICHEEZ L, SOHICEREITH2720121F, 770
W I TiO LB A (ERIT 2 MR B D, —FH T, —fRIZT LS o 7V EEN It
MK L TiO2 ZAUEREDBERR AT 22 Z ENREETH D, £ 2T, Frexld TiO:
ZHEREZ 7 LX T NVER EICEKRT D7D, Err—2XF ) T 57 A4 8—
(CeNF) Z 45 @ I W - IR B E M A 422 L, TiO Z LA Z 7 L % v 7 LV ERIC
ERL LB 21T > 7.

2. EBRFGE
— XA 72 TiO2 LB RRIL, H T AFM T TiOr 24— R b 286 L7-1%12 450C T
Benk LIERLS 228, TiO2 LB & H T AR OBHE NN, 7 L7V EEIR
WCHIRET 52 CIIREECH D, 2T, Fx I H T AEEE TiO, ZAEM E OF A
TERZ50H 578, B & LT CeNF #EAZE A L7, CeNF IR 450°C
TEERT D720, HEEROKEA R TE 5. A7 L—IEIC L D CeNF % (EHR
L, D% TiO ZHEEZERIL, 450CTHRA h 7 =—L L=, H&ElZ, 7LF
WLZ e R Y
-

3. RBIUEZR
Fig.1 |2, — AR I TS L 72 TiO2
SZHEROBEREZRT. ¥—72 TiO, %
EENERE CE 2. Y AL, BT

DFEE A B = X LOFA LT, FT

OB Fig.1 porous TiOz films / CeNF / Paper
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Fabrication of transparent electronic device using oxide semiconductor
for intelligent windows

R R LR e, B B, 2 Bl
L BURERL RS PR, 2. AOUERIRY Akt
°Hiroaki Okada', Takuto Ejiri', Ryo Tanuma'!, Mutsumi Sugiyama'-
Faculty of Science and Engineering / RIST, Tokyo Univ. of Science

Abstract Intelligent window can be realized by combing transparent
thermal insulator and electronic device. The thermal insulator VO: thin
film using VO2 target by RF sputtering was demonstrated. The band
alignment of NiO-TTFT between p-type NiO and different
oxide/nitride-based insulators was investigated.

1. IZICHIZ

Fexidonx CTpBHBR LY EEIADONIO & F—~T U 7LV KB E
HI[1ROBE N 7 2 Z(TTFDR1%FDEEITo TE 2, b OERHT A
AT BB D T L TR RREZ R -2 (AT V=2 b Ry R 14
VTV V2 PN R | EEESELZENARETH D, —J7. VO21E 68°C
THEEBET OMEITH D | | TIIRA A ZE L, 68°CLL T 5 & IR 2 34T
THREEFFO, A1 T VP2 F T AL R VO A EOED Z & T, BEMIZ
AN ZHE L, MEWEREZ 78D Z LN TE 5D, RIFFETIX, RF A3y Xik%E
T SLG RIZTHIEFEAIZ VO I OHERE, LU p B NiO % H 72 TTFT OFE#
&L NIOMBIFNED N BT F 4 A v &Rt Lz,
2. ERFE

VO, #—7%"> N TRF ANy HZIEIZ LD SLG RIZ VO A HERE LT-, /NT A —
& L UTC iBFE N AN E[0/(Ar+02)] % 4.8%., HEFE T D JE 71 % 0.3Pa.RF 71 % 180W,
HERE O FEHRE 2 400°CI U7z, HERE L7 I % LC, XRD HIE & . FRAMEZ R
HE 23BN 23 C RO 73 COIRETIT - 72, £72. NiOTTFT OIERL 1T - 72[2],
3. BRBIUOEE

—fil & L Fig.1 ([ZHRAMEFHEEE L IREORGREZ/RT, 73CIZB W CTIRIMDEHEIK T
RO MR LT, ZHUT VO ZHHEERBIRELL EICINEL L 72 2 SISV, ik
KENSEBEA~EN LT Z L TR ERR SN ZEEZ BN D, RF ANy Zik
XD V0% —47 > N AWTENE VO, 54 HE

W52 LnTER, = 100

HEE W 80

NiO HEBHERIC B L, SUE RS2 il B s Z 60 23%C
FACEGR U B £, AR —3iE, BFEGE £ 40 e

B C). XRHERLRENET T o F 4 7 H%E 5 2 .
(2017-2021) . HEKEEHTEFE A~—A - an E 0 k= RS
=gt & — 217 47 -~ 1000 1200 1400 1600
2%§§kk VA —DXRIZL > T Thbivz, - WAVELENGTH [nm]
[1]Our group. JAP 116 (2014) 163108. [2] Our group. Fig. 1 Temperature dependence of
JSAP Fall Mtg (2018) 19pPB132. infrared transmittance of VO2 thin

film.
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Resistance of bending and electron beam irradiation
to NiO-based visible-light transparent solar cell

g ImF L N #E L Ishwor Khatri?, #2100 fiE 12
1 BORERRIR Y B, 20 BOUERR Y A et
Naruhide Kato!, Kohei Takeuchi', Ishwor Khatri?>, Mutsumi Sugiyama'-?
1. Faculty of Science and Technology, 2. RIST, Tokyo Univ. of Science

Abstract Visible-light transparent solar cells were fabricated by p-type
NiO and n-type ZnO. These solar cells were performed the bending and
electron beam irradiation test, then investigated the influence on solar
cell characteristics. The p-NiO/n-ZnO solar cells demonstrated
outstanding environmental resistance.
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[2] Our group, JJAP 57 (2018) 071101. Fig.1. Normalized Voc and Jsc values of

bended NiO-related solar cells as a
function of bending radius.
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Preparation of transparent fine structure pn junction of CuBrixlx / ZnO nanorod by solution
coating method
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Abstract  ZnO nanorods, which is an n - type transparent
semiconductor, and a CuBryxlx (CuBrl) thin film which is a p - type
transparent semiconductor, was deposited on a glass substrates by spin
coating and dip coating method to prepare transparent fine structure pn
junctions. I-V measurement showed the rectification characteristics of
the prepared transparent microstructure pn junction sample.
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Abstract  CuBryxlx thin films were prepared as a p-type transparent
semiconductor by a spin coating method. Photoluminescence (PL) of
CuBrixlx thin films with several chemical composition ratios of x was
observed. The shift of PL peak depending on the composition ratio x was
observed.
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Figure 1 |12 4R X & Z5{b S 72 CuBrixly Fig. 1 PL of CuBri«lx thin films.
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Millisecond transient response of photo-induced deformation in ternary thallium compounds
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Abstract The time-resolved photo-induced deformation phenomena in ternary
thallium compounds has been investigated with milliseconds pulsed laser beams.
Appropriate pump pulse width to increase the deformation is found by tuning the
width of pump pulse in the experiment, and the results show the phenomena is due
to the thermal expansion by the rapid temperature raise around the pump spot region.
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1) N. Mamedov, K. Wakita, Y. Shim, K. Abe, N. Ogushi, Thin Solid Films 517, 1434 (2008).

2) V. Grivickas et al., Mat. Sci. 12, 279 (2006).
3) M. A. Olmstead et al., Appl. Phys. A 32, 141-154 (1983).
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Anisotropy of photo-induced deformation in layered ternary thallium compounds
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Abstract Inorganic ternary thallium compounds show a localized and enormous
change of'the surface relief by light irradiation. In this study, the relationship between
photo-induced deformation and crystallographic anisotropy has been investigated for
layered ternary thallium compounds. The results show that the anisotropy of the heat
conductivity is a key factor for the anisotropic profile of the photo-induced
deformation.
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Effect of interparticle-interaction on dielectric function spectra of
multilayered semiconductor nanocrystals
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Abstract In this study, the ellipsometric measurements have been performed to multilayered
semiconductor nanocrystals deposited by Layer-by-Layer method. The obtained dielectric
function spectra show a change related to the number of nanocrystal layers. The effects of
interaction between semiconductor nanocrystal layers are found in the dielectric function
spectra.
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Abstract

for phosphor applications, heat treatments under reducing atmosphere at high temperature are

To obtain the divalent Eu emission from phosphate phosphor which is important

required usually. We have found the divalent emission can be also obtained by laser irradiation.
In this study, the reduction processes in KSri.xBaxPO4:Eu alloy system have been examined in

order to clarify the difference between the chemical and optical reduction processes.
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Structural and Electrical Properties of Zr doped ms-BiVO4
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Abstract In this work we demonstrate enhancement of photocatalytic
activity of ms-BiVO4 by doping with Zr. Structural and electrical properties of
Zr doped ms-BiO4 powder were investigated. Comparison to Mo doped BiVO,
reveals similar effects on crystal and electrical structure. The result suggests
that the origin of improved performance is increased majority charges density.

1. Introduction

Monoclinic scheelite bismuth vanadate (ms-BiVOs) is a promising material for water oxidation [1].
It is attractive due to its direct band gap of —~2.4eV, favorably positioned band edges for O./H,O
redox potential, and nontoxicity. Recently, ms-BiVOy crystal doped with zirconium (Zr) has led to
increased efficiency [2] and thus motivated us to study the structural and electrical properties of this
crystal. We aim to elucidate the origin of the improved photocatalytic activity of Zr doped ms-BiVOa.

2. Experimental

BiVO4 powder was prepared in an aqueous solution containing Bi (NOs);and V,0s. 1% (%molar)
Zr was incorporated into BiVO, powder during synthesis by adding an appropriate amount of ZrO
(NOs3), precursor. XRD, Raman scattering, diffuse reflectivity measurement, photoemission yield
spectroscopy (PYS) and impedance analysis were used to study the effect of Zr on the structural and
electrical properties of BiVOs, In parallel, molybdenum (Mo) doped BiVO4 was studied as reference
sample. Mo is one of the most common dopants for BiVOy, it was often reported to increase its
performance

3. Results and Discussion
XRD measurements of undoped, Zr doped, Mo
doped BiVO, indicated the monoclinic phase. — Vo
Observation of bordering and merging of peaks at o I
g gmng ol p — MoBiVO4
~35deg for doped samples suggests that doping | — mivos 44
triggers phase transformation from monoclinic to
tetragonal BiVOs. Raman spectra of all samples
show a good match for monoclinic BiVOs. A slight
shift of VO4 symmetric stretching mode from 826 ] ) Y
to 822 cm™ was observed for doped BiVO4 samples, | Jil | [ T
indicating that Zr and Mo dopants affect the )

Intensity (a.u.)

configuration or the coordinate surround V-O bond. 0 40 0 60 70 &0 %00 1000 B, NeBN),  ZENO,
PYS combined with diffuse reflectivity Raman Shift (cm)

measurement revealed that the VBM remain fixed Fig. 1 (left) Raman spectra of undoped, Zr doped
(7 eV vs. vacuum level) whereas the CBM changes ~ and Mo doped BiVOx. (right) CBM variation upon Zr
upon doping with Zr or Mo. Since CBM of and Mo doping

ms-BiVOs consists of V 3d orbitals only, PYS

results confirm variation of the configuration surround V atoms. Impedance analysis indicated an
improved conductivity for doped BiVO4samples. The result likely suggests that both Zr and Mo are
n-type dopants for BiVO,, and the origin of enhanced performance is increased majority charges
density.

References
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Temperature dependence of crystal field parameters in dinuclear Eu complex

[Eu(fod)s]2(u-bpm) crystal
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Abstract

The temperature dependence of crystal field parameters on

Eu’" ion in [Eu(fod)s]2(u-bpm) complex is obtained from *Do—7F)
transition energies of Eu** ion with assumption of the simple overlap
model for crystal field parameters.
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