-

THRI0EE ISRYIEES

ZRILEY) - KIFEMATRE

FR ARSI ER

201941H15H



TRH30FE ICAMEBFR ZxR(EAY - XBEWRRS FRBES
20184114308 (&) ~ 12H18 (%)
FEESPT | RRIERIRE  #ERF+ 2 /(X

JOJ3S A
118308 (&)
13:30 - ARSZERERE  IHEE (BEAKXF)
13:40 - BFFEE NEERE (REMRZEKRE)
001- [ZrRliMHEREEREDIRIR &R
14:20 - #BFEE ITEREEZ GERERKE)
002- [E£BEtYH LU LatE = AUz
KABE LU B bikFRET —ATAERZEIELT—]
15:00 - 1A&8
15:20 - —f%sEE 003-005
16:30 - RRAY—tzwv=3> P01-P25
18:00 - BRI
12A1H8 (%)
9:30 - 1BfFEE HEHE GERIERKZE)
006- [KIBHFEEDFEHERCICENFTZS AT ARIMRER & RFESR]
10:10 - —f%EEE 007-011
11:45 - BEASDE




2018 E ZaRiLEW- AKBEEMMES FEXREES T0J3LA

OEEHEK:11/30(%)

E5 2 R EFH & K4 FERAANIL

O-1 |@#[13:40 - 1420 REAKBRZEKRE NEEE |ZAREEEFBREEORIKEER

0-2 |&#|14:20 - 15:00 RREEMHXE THRE éﬁﬁﬁﬂ:%&;UWI:#%:':MD%%L\HK PEPLIUV_BERFET —AIXEREBELT—
0-3 15:20 - 1540 | A2 T EFZHMPR BA R | BERFOMSHRREICEITAREATEE DR

0-4 15:40 - 16:00 TFEIXXRE ZH A ﬁ&%ﬁimﬂjéﬁﬂsr‘fuaa( BIFHEIRILF—FEHOFERL

0-5 16:00 — 16:20 FEXF AIEAN —REBHE ZAVLVTINS2ORF—TIZ&SEFIRERET

OBEHFE 12/1(L)

0-6 |##[ 9:30 - 10:10 RRERXE 1R AEAFEEDENERILICAIT AT LRMRAZEERKER

0-7 10:10 - 10:30 [EEpNEa il B48 |REESK(IDZERMUHREEICLSCZTSEEDRELE

0-8 10:30 - 10:50 R KE Tzu-Ying Lin [Cesium-induced Surface Modification on Cu(In,Ga)Se2 Thin Film using Cesium Fluoride Post Deposition Treatment without Selenium—vapor Supply
0-9 10:50 - 11:05 RERE PR R Cu(n,Ga)(S,Se)2 KIGEith Dt LB T 2EHEARET

0-10 11:05 - 11:25 FEXZE KnHE NAFUESRRATRAMMIE ITER—/RU DS . F—REBHEIC LS5
0-11 11:25 - 11:45 RRERKXE EHE KB N—RF/Fa1—T RHADEIE
RRE—FFK:11/30(£)

E5 HREEME e K4 FERAALIL

P-1 16:30 - 17:45 FETZEKRY EH#FHKR |PLDIACUNS2ZERENS7 ——/LEEICLSEHRDEL

pP-2 16:30 - 17:45 EE[ITEEE SN FEARE  [CulnSe2d & B & ST

P-3 16:30 - 17:45 FEETZEKRYP %k BK |PLDEICKDCZTSHIELA—S v EDMRLDERFR

P-4 16:30 - 17:45 | RE TEXSEEMER HH X | KEEMADEBIZEITT=Cu2ZnSnS4s N ILYHE S O Yt EEE

P-5 16:30 - 17:45| RREBE#MiHZERE FIEREEA  [AREBWIEAICEDCu-Sn-Si-SiERD/ER

P-6 16:30 - 17:45| REHEMREXRSE Le Huu Nghia |#%IF#%%(CkHCu-Sn-Si-STEE D 1E &L

P-7 16:30 - 17:45| RREBE#MIHZERE AT |V ILEAEERIZESCu2Sn1-xGexSITEIED ESLE DR ST

P-8 16:30 - 17:45| RREE#fiEHZERE AWEERE [SAFCVDIEIZKDCu2SnSIFHIED R DA

P-9 16:30 — 17:45 HRER KSR Mohamed Samir|Low Temperature Hydrothermal Preparation and Characterization of Cu2SnS3 Powder
P-10 16:30 - 17:45 RREMHXE i B |BUEFSERHSSEEICEZLEE

P-11 16:30 - 17:45 IWB K= HE e |BrR—InRISnSEERE R

P-12 16:30 - 17:45 TP =2 Rizky R EICKVIERLI-SnSHEIEICX T BBk MDD 2 E

P-13 16:30 - 17:45 INB K= el £— |[EEFFEEZZBUVSnSHEEO/ER LFTE

P-14 16:30 - 17:45 RRERXE BAET |TMDCH/#EEBEFRAVV-ERERERKEENOSERXL

P-15 16:30 - 17:45 RRERKE AKARE |[FLEITILERADTIO2L AL BEEDET HiflT

P-16 16:30 - 17:45 HRER K BHEER (1o TUDIUR I U RIICmITT B e BARERA N EHEF T/ 1 AD/EE
P-17 16:30 - 17:45 REERXE MEES  |NORAEABZBEKBEMOMITRUEFRBHICLDHE

P-18 16:30 - 17:45| REFMiEZEXE FIFMA  [[BREREZITESCUBr1-xIx/Zn0F/ Oy R B BAMME EontiE & DR

P-19 16:30 - 17:45| REE#MIEHZEXE SHEE  [CuBrI-xIERFEILIRIN LD KT

P-20 16:30 — 17:45 KBRAFILKEFE FHHEKX  (STAUYDLLLEMICHETEAFREEROI)BIER ST

P-21 16:30 — 17:45 KBRAFILKEFE WREEN |BRISTAVILIEEYIZE TEIAFEEROERAKE

p-22 16:30 — 17:45 ABRRFILKE HEER |FEERF/HTFZEBEICSTIMNTFHEBEERAOFEREIRIMNADOEE
pP-23 16:30 - 17:45| REE#MiRPEXE E JH8%  |KSr1-xBaxPO4ITHEMUI-EuD LM E USSR T It

P-24 16:30 — 17:45 FIRKE Imane Abdellaoui] Structural and Electrical Properties of Zr doped ms—-BiVO4

P-25 16:30 - 17:45| REE#MiRPEXE AAM |2BEuE AR RDEWSHIH T RISDEEKRES




s SEBIR

B O IHS RIS ([C BT DB ATELEBDRIFE o oovvvvrrrrrrrerrrrrriaeeen. 1
Development of dosimeter for severe radiation environment near reactor pressure vessel
AR, BERC 2, WSEL?, SR, IWADE°, BEFFHRA°

1. KEREEH, 2.780K, 3. KRAFIZK, 4.JAXA, 5.3, 6.JAEA

IR ATIBr BRICBITDIERIRILVE—LBIEEDFEIE oo 3
Emission properties of low energy in TIBr crystals for radiation detectors

ZH WAL TS B, £E BR, 2A BE, L AR, IARDT FLY, BE A

1. FETEKXRE, 2.8LTEXE, 3. KRAILKE, 4.Azerbaijan National Academy of Sciences.

F—FREHEZALETIINS, O R=ICKDEFIREERT - 7
First-principles study of doping properties in 2D nano system TIInS,

BINEAY, gt , BRERAE, SEAER?, A TART?

LFEKRZE, 2FEIEKRZE, 3.ABMILKRZE, 4.7\ ASv S RZETHFT=—

TYESSK (I ) &R UETREL(C L BCZTS BIEDREMIE - ovvvveeeeenns 11
Surface Treatment of CZTS Thin Films by Sulfuric acid with iron nitrate(ll ) nonahydrate
il BIE', =5 4, BEF thx!, FAT S8R, =B HET, MR AKX, BR A
1.BEARFER, 2. RETESFFFIFKR

NOFARROI A B A MBI R—IN> bOYE : S5—REBHEICKDRE - 15
First-principles Study of Doping Properties of Lead Halide Perovskites

RHZF, Pl pESE

FEXF

PLD 3%CulInS, BIEMDS P ——JUiBEEICLBRIAMEAL - vvorvrerrrremrneraennnen. 19
Changes in different phase of PLD method CulnS; thin film by S annealing temperature
BA $rAt, b BB, B A

1.FEIEKRE, 2. KRAFIIKRFE

CulnSe, EROEREETHM - rrrrrerrrrrr 23
Preparation and investigation of CulnSe,

Fart #ask, ARED A, KHE 18, AR HED

FAIIES Ny 2

PLD ;ﬁ(:*a(:ZTS ﬁﬂ;tg-b‘-\y ht@*ﬂmttwrﬁ{% ....................................... 27
Relationship composition ratio with target of CZTS films deposited by PLD method
®E BX, NBEKX, AR, BEAas

1. FETFEKRE, 2. KRAFIIKRE



AKBEUADEAICHEIFTZCuZnSnS, JULOEROMITETE - 31
Characterization of Cu>ZnSnS, bulk crystals for the photovoltaic application
e KU, K BB, BH ZAEY, BA MR, TR RET, B miE, El
B3R EN', Btamant

1. B EEHE - RESE, 2.8 5K

a
RS
il

R TIEIC LB CU-SN-Si-S TBESDAEEL - vvvvvvrrrrrrrmrrninininiaaeaniea e eeeeeaeee 35
Preparation of Cu-Sn-Si-S thin film by solution coating method
PaIEl %E75, ZJI Kia, HR AL

REFAMAIFRFE
T PRI E(C L B CU-SN-Si-S FBIEMAEEL oo ooooorrrrrrrrrirreeeeeee e 39

Preparation of Cu-Sn-Si-S thin film by particle applying method
L J— F77, fEb %675, HP A{EZ*
REBAMRIZEKRZF

VIV IVEHEEICE B CU,SN, . Ge,Ss BIEDMEREEMIRTT - vorverrrrrrrrrnaees 43
Study on fabrication method of Cu,Sn;.xGe,Ss3 thin film by sol-gel sulfurization method
IIARSRE, HP ACE

REFAMRIFEKRE

SZNCVD EICEBCU,SNSs BIEVEBRIMIRKFS - ovvorerermrerrmmmrenrearaean 47
Fabrication of Cu,SnS3 thin film by mist CVD method
AtE B, A £&, A A(CE

REFMAFARF
SNS BEISEHUIBHSNS FBISICEH I DELE - ooveerrvere et 51

Influence of annealing in SnS atmosphere on SnS thin films
o B, SIM 8, P9 1EXER, £ K—, 21U B
RRIERIRFE

12FUSIT > MY+ > RUCHEGTEE(EMEEHFZERVWZZEREFS /)\A ADER - 54
Fabrication of transparent electronic device using oxide semiconductor for intelligent windows
M &8, JIR 63, B8 R, 210 B

RRERIKFE

NiO RENEBRAIRTMDBIIFTIIE - ooeeerrrrrrrrrrrrrrrrrreans 58
Resistance of bending to NiO-based visible-light transparent solar cell

g £55, 7T M, Ishwor Khatri, #2111 BE

RRIERIKRFE



BREMEICLSBCuBr,,I,/Zn0 FJ0OY RERHMEEpn ESOEH - 61
Preparation of transparent fine structure pn junction of CuBr;.xI / ZnO nanorod

by solution coating method

Fix HA, &R IEKX, S &8, BP ALCE

REBATRIFEKFE

CuBry_ I, SBIEFENEANRY NIVDMEBRLLIRER o vveervrerree e 65
Composition ratio dependence of CuBr;.,I thin films photoluminescence spectra
SH B8, FIX mA, &R REKX, B ALE

RESINRIZRF
3 AV LEEMCEBT B AFEEROS YBERSISESEME e 69

Millisecond transient response of photo-induced deformation in ternary thallium compounds
JEEFREAY, oL FEER!, BPEAM%, Nazim Mamedov?®
1L RBRAFIKRE, 2. FETEXRE, 3. 78\ ASv o RZET7HT=—

BIR3TEA U™ IMEDMICE T B HERIAIDERITIE - vvvvvvvreerrrrrrrnrrnneeeeeriiinn. 73
Anisotropy of photo-induced deformation in layered ternary thallium compounds
AR, St FER!, BEF4, Nazim Mamedov?®

1L RBRARIKE, 2. FETEKXRE, 3. 70\ ASv o RZET7HT=—

BT ) RFZEIRICHS T I FREIBEFRDFERANRD MILADRGE v 77

Effect of interparticle-interaction on dielectric function spectra of multilayered semiconductor
nanocrystals

HE B, & X&% BE P, st ek

1. KBRAFIZARZE, 2. KIRMIZARYE, 3. FEIFEKRF

KSr;xBaPO, [CRHUIZEU DALFMIES KTHFRIANETTRIE oo 81
Chemical and optical reduction characteristics of Eu doped KSr;-xBa,PO4

B gk, & s, ik BT, e 80

1. REFMRIFERT, 2. RETESEFFFIFR

2B EUSE AR OEUT ICH T BERIBDBEEMRTEME oo 85
Temperature dependence of crystal field parameters in dinuclear Eu

complex [Eu(fod)s;]>(u-bpm) crystal

FIARAI#, Kwedi Nsah Louis-Marly

REBAMRIFEKRZF



30

BEF DA RBRIEIC BT SR EREEE OB

Development of dosimeter for severe radiation environment near reactor pressure vessel

A (R, AR HE(C 2 BKE MBS, AUR Y IR RES, BRI R °
1 RHEHEEE, 20 7K, 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.

1 i XC®IC

WHEBENEEF R T IRE (IF) OFNB X O@EENITFROEETIERITH
WHUINREREE & 70> T 0 . 1IF BUGIEERN O =— X2 B F 2 72 @ # = U #)
EFROBRFENRRD 5T D, RUFFETIE, KEEEMIE 112 X D8 EHE B 2 3%
Mgl LT et e A7 A2 L, ERAMLICAT 72 21T > T\ 5,

Table 1 [ZAMFE CTIRET 2 KIGEMA HEE & 1RO BN fifk s & OFrED b
W29, AF BIGIESE CORMERREHI> AT A213, @R ESR T COMEN, FE
wEIRL - BNV E L, B KOS WS ED KD B LD, JFOME, FRICHAE
RN EETRET 5 L Gylh~1kGy/h O EFREFROREN LI L 725, £7-, 10cm
OREED/NE RO ERAT D Z ENRRDLND 720, HIEO/ N L &
B s, ZORTHREEMASRHERITEN TV D, kO M /M CEfftE
LOWENFRETH D DIXEBER O A ThH 505, JF LT TIIAKFEOERENEE S
HIZDKKEEETHY, BV ATHAHZ ERYVAL LS, KiGEmA &S TIlER
FOWNEEFRIC LV BAET HEREZIET 27 OERIFIAETH D, T ORITMORR
HFEIZIT R WRFFETH S,

Table 1. Characteristics of various dosimeters

o i O - - - -
B SRS 1% O @) O A A
EIRER iR © © X X X
BRER iR A X O © ©
BERLA © X X X X
ERIRE © @) X X X
INELE © © A A A
o fREZ M ©) X X X A
IRILF—5FF X X X © ©
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ABFFETIE, @O EEBRIE (3 MGy) %A 9 % KBl o Bk 2 sh Rk 2 Ji
B35, Bl e UCIEIBITE, s AR S U TR & AU U SR Rd% 56 144
BhE LTBIRZED TV 5 CdTe 2V 72 CdTe KEGEM., 3 L OF K E &
L TR ST 5 Cu(In,Ga)Se; (CIGS) KB, InGaP KB 72 & & /st L T
%o F T2 @O TE O A 70 &3 AT HEGHEZ B & 2 2B NRLETH D Bk
2RO R E L G T 5 Z L REH%RD BN D,

2. RBIUELE

—fFil & LT, CdTe KEBEHOHIZ A% Y, Fig. 112 1-V HetEod ©Co 7o ~ #iis
BRI A RT Y, Ho<HRIIC VAR L-F v Y PIC L 2ERABHI SN T
W5, Fig. 2 I3 AEBIREE D OCo o~ M BREAEZ R T Y, Bog 7
PRAE . WIREICE U CERMSEIFICE(L L TWD, ORI, ERalEd
52 &T, OCo W~ HOBMBRNHETRETHH 2R LTS, £, Wi( TR
FUINEED PCo 7 o~ MR ER OB 64 5 i # E OHINRITE 031 7 AR
RTREL 2o TWNVD, ZHUT, WS T RCL Y ERZBIENIENDT-HTHhD L
EZzonb, 2k, FR—r MEEICLY2EZEIEAHIETEIEL, BFEL AT
RENEZ LNDZ ENREBEIND,

— 10 ' I ! I ' I ' I ' I ' —_ 800
N L N
g 8l — without y-ray irradiation | g
< | |[—oakom g 600
=2 6 —1358ke§/h 1 &
> | | 2
B 4 {2 400
¢ 1 | &
o 2 15
g J | & 20
= OF B _
8 | _— ] 8 ‘ . | | volltage.IOV |
R T 0 05 1.0 15 2.0
Voltage (V) Dose Rate of y-ray Irradiation (kGy/h)
Fig. 1 IV characteristics in the CdTe Fig. 2 Current density as a function
solar cell under 69Co yray of the dose rate of 6Co yray
irradiation irradiation in the CdTe solar

cell.

e
ARAFFE D — 5L SCEB R [0 2 F5 4 U 7= R R A8 - AM B e 2 4t
WESER A A Ise 7 0 75 A 1K T o7,

2% 3R
1) MALR, FEFFt, fEHER, BRI, CRRMETS, RKEES, ®IARHE .,
2018 &= 7 65 [RIEZFILY), 20a-F210-4
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AR R AR TIBr fdiz B 2R X F—EIR D3

Emission properties of low energy in TIBr crystals for radiation detectors

LI RN, DNERSE eE? R BR Y EH RS, I HER,
VA RTZ FULY HE Fo!
1. TELERTFRYR LPes B EFHRER
2. AL TR L5 BXE T LR
3. RERIFSZRSY: TWHZERt BT - BARHE BT L%
4. Institute of Physics, Azerbaijan National Academy of Sciences.

Abstract We reported the photoluminescence (PL) properties of thallium bromide- (TIBr)
crystals exhibiting high performance as y-ray detectors. The excitation intensity dependence
of PL emission intensity and the location dependence of PL spectra were investigated. It was
found that the TIBr crystals with higher mobility-lifetime products has higher emission
intensity of PL spectrum on the high energy side. The PL of TIBr crystals are attributed to free
exciton of indirect band gap and defect levels. Difference in emission intensity is obtained
depending on the location of the TIBr crystals as a whole.

1. IXC®IT

B2 U 7 A(TIB)IE X #3250 v MROFHR ST T 2 BN SRR B D720, b0
BERBREMEE RSN TEO[L, 2], v BART MV A= —F~OIGHIZ T Thikie L
THFSE ST E72[3-6], TIBr OWEREEE LTTI & BrOJR & ENRENEI 81 & 35 &
K&, 756 glem® OFEEEZAG L, N R¥y v 74 268 eV &AW TIBr i Ha L=
BRCEESHDHZ EMTED[7, 8], £z, TIBr OFE T EIEFLO ut (BB - FHa) fHIX. £
n%“n 103 cm?V BLO104emV LT A R = Afr@HEOD{K/a\%#éiéf{Zﬁﬁ*ﬂr & Al

DENT-HHEZH LT D[9], LUy s, TIBr fidh OW BRI E 13 & 720 (B iR &

hﬂ\f;b\t&b ABFFETIE TIBr #E5EICB T D7+ b I 22U APLFRMEL it %*@B'éw

IZOWTHFETT 5 & & HIZ, PL %Eﬁ‘ﬁ%ﬁf”@}%bté@f”ﬁkf PESe PL 227 R LD AT IR AFE
DN T T Do

2. ERFIE

TMZ 1E12 K » TRl L7= TIBr #dh (Sample 1, 2, 3) % . Sample 1, 2 i%
Sample 3 & Fbifs U S7A 12 L 0 @bl L L7 0ECd 5, Table | i Sample1,2,3 @ ut &
DL %759, Samplel,2 O & EALO wrt OEIX, £NEh~102cm?V B L O~10*cm?V
T DM, Sample3 @ pr FElE Sample 1, 2 DEICHER TR MR Z L 2R LTV 5D, bl
b U7z 5 & v 7= TIBr A, y S e MBI CRB YV E . EfLE b mEARE WD
LMD,

PL HIE Tl o R EER b 200 frE . FH Table | Values of pt (the mobility-
(257212 0.0 pm O TV FEEEZ AW T TIBr  lifetime) products of sample 1, 2, and 3
fEAm A AFEE L 7=, PL OHIE @ b e PRI 1 inTIBrerystals.

Ti:Sapphire L — " —(Spectra Physics, Mai Tai VF-

TIS) & 5 % L %5 (Spectra Physics, GWU23F) & Wit (em?/V)
JHVNT 400 nm OHEARDE E— A & e Lz, 3t 5 IEAL
B S EE M > A 7 A (Tokyo Instruments, extended —Sample 1 ~10°3 ~10%
Nanofinder 30) & #2512 CCD (Tokyo Instruments, sample 2

DV420A-OE)% FIV T, 45 K 75 220 K ofllEiE  sample3  10%~10° ~10°

FEEIZ L > TPL A7 MLV ZRIE LT,

3 2019.01.15



30

3. MRBLUOBE
Figure 1 (3 ikd s L% K 7% 0.80 E 45K B

MW/cm?, 4.5 K OBIGEREETo TIBr 0.80 MW/em? ¢
fidh Sample1,2,3 @ PL A7 kL : Samplel D
&R, Table lNIXEHI L7= A7 K
JIBITF A%/ E—7 OE—7 TR )L E A
x 2.4 Sample 2 *x2.3
B
¥
E A

T RLFX—E D PL ALY b L
BT 273eV I —27 & D%
AE—7) AL, ZTOAYE

PL intensity (arb. unit)

¥—%/~9, Sample 2,3 1B HE
x 0.40

— 7 DFYEIT TIBr ICB W T X777 Sample 3 B
HEN TRV, Sample 1 O & T % . | | Y
JLR—FEIIC BT D PL AT hL 1.5 2.0 25
TITAE—7 ORI S e Photon energy (eV)

SToM, 2.64eV,255eV,2.44eV |2

— 27 %45 B,C, D v¥'"—27 %% Fig. 1 PLspectra of samples 1, 2, and 3 in TIBr crystals.
NSz, £7-. Sample 2, 3|2

B D@L —fE (255-2.80eV) DIEXIFRPL A7 hLE ABIOB B — 7 2R
SEELTZ. —J7. 22eV T DR RV F—FEIC BN T L77eV ICE—7 2 b D7 m— R
E E°—72 % Sample 1, 2, 3 ([ZB W CHEIHI L 7=,

BT ROV — IR B D PL REOEBREE 1T Sample 1, 2 Tk k&<, —F, K= R/LF—4H
WIZ BT BT Sample 3 IZBWTRENWZ LD, ZNUHDORERNL, K VEN
Ty R R 22 7 G B TS = R L — IR O FEOE R 2N R & < | AR L F—HIR D
KBNS ERDND,

Table 11 Peak energy of PL spectra of samples 1, 2, and 3 at temperature of 4.5
K for an excitation intensity density of 0.80 MW/cm?on TIBr crystals.

A-peak B-peak  C-peak  D-peak  E-peak

Peak energy (eV) 2.64 2.55 2.44 1.77

o L [ Sample 2 A-peak

Az Sample 1, 2, 3 (2% 3 5 PL % 45K P L
G O il TR AR AL A~ T, =t A
Sample 2 (Z351F % PL FEHME & i S [ocL 0¥
T FREEARAFYE D BALR 2 Figure 2 T/R —c% e
T A B, E B — 7 OFEIEERE | 1L fih e //////J
REBEE L 35 L, LMCpiL FE oL\ -
THEY., ZRFN kT 1.7, 1.7, st /r///f' B-peak
BLU08L THDHZENBbMD, S
Table 11l Gl Sample 1,2 3 1B 5 i;‘//////
FE—=27 Dk DfEZRT, TyocL V7

AT MIVDOFENHE — 712D [, 1 . 1 . 1
TUTOXEYICFEELZ, £TBY 5.0x10° 1.0x10° 1.5%x10°
— 7OV TIE, BE—7 =) F— Excitation power density (W/cm?)

7% 2.63 eV AT T ORI IIT R 5 Fig. 2 PL intensity of A-, B-, and E-peaks plotted as

Fx v TICEDbOEZERESNT a function of excitation power density on sample 2.
WAH[10], =5, HHEhE 05t

SREEITRIELIRE D 1.0 D 2.0 RIZHHITH LHESNTND[1L], ZNAbDOHEND, B
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E— 7 OFRNERFILHES v v 7OBHBE FIc L 52 b D EFE LZ, Sample 2, 3 THLHIE
NIZE—7 2 F—13 273 eV ITfLiETH A B — 27 1%, TIBrfEfmicB L CTELEHREINT
WARWRENTH S, Sample 2 D A B LB B — 7 (2B W CRIGRFE 1T R D 1.7 3
(k=17) ([ZHBIL, Sample3 TH ABLOB E—2I1CBWTk=20 LENR—FHLTW5,
ZDOZENL, ABXUOBE—ZIFRICAN=ALIZLDHEEHM L, A E—7 D3l
PR M3 v » 70 B MR 12 X 23808 & Hmm L7z,
Table 111 The value of kfor | o< L* onsamples 1, 2, and 3.

A-peak B-peak  C-peak  D-peak E-peak

sample 1 14 0.93 0.95 0.21
k sample 2 1.7 1.7 0.81
sample 3 2.0 2.0 0.70

. s 245001 +5K
wiZ, C, D, E =7 OFNEPTIZ O - Sample 1

Tiamd 5o RMGUENLIZ X D 3L EE 13D [ D-peak
EHREED 10 R IHIT 5 Lt sh @ 249
TW5[11], W¥xiZ, C,D,E &' —7 [ZXHa |
YERLIT L 2672 &Il L 72, Figure 3 1
L 5 4 FE D HE A AV Y, Sample 1 @ D
E— 7 NET R X—EC 7 TS I
ZEERLTWD, LER->T, DE—7 2 4496
DFE I donor-acceptor X TH 5 LA i
ELZ[12], —J. E¥—ZiZanA NIk 2 4495
2 U LMIER L THWD 3L EOWED
& 5[13],

Fx 1 TIBr 52817 5 PL %&yes@pEE  Fig. 3 Excitation power density v.s. peak energy of
DRIV ST b L 7=, Figure —D-peak.

42 Sample 2, 3 (2R B AEEEO PLHIE SO 5@ %79, Figures 513, &1 Sample 2,
3 @WIZ\/I/%“—AEW (2.7-2. ié%@ﬂm (D HQ@DORIIRE D~ » v THIE

(100 um x 100 pum) %f*%ﬂbé Sample 2 [Z 3313 2 F&IEBREE D A 7 > M OEFHIE 200 5
1200 TH %, F7-. Sample 3 IZBIF2FNHED L 7 MIZ 0205 300 TH D, Figures 5
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Fig. 5 Location dependence of high energy region in whole crystal of samples 2 (a) and 3 (b).
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First-principles study of doping properties in 2D nano system TIlInS,

FONENY ofrlpese b, W EFs 2 ek 3o a~A R7 4
1 TRERZFHEAE 2 TR LA, 3 RIRMIZRT: TR,
AT NN 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  Tl-based compound semiconductor shows low-dimensional crystal structure due
to the arrangement of Tl atoms. In T1InS,, Tl atoms show two-dimensional layered structure,
Fe doping into TIInS; induces broad photo-absorption peaks below the band gap. However,
It is unknown how the result of the optical properties originating from the Fe-doping model
due to the band structure and density of state. We research clarifies how doping changes
electronic structure and optical properties using First-principles calculation. In results,
Fe-doping produces d+s-orbital bands within the band gap of TlInS,. Originating from these
bands, new optical transitions appear below the band gap, in agreement with experiment.
These transitions might increase the dielectric constant.

1. Hx-HHY

2 7 DRAEA BRI TRIR T O RS A AR T D, B L LT Tlx
10%V/ K DERY —<y 788 (ZT) %7 LEEOBEME & LT ST
%o RIS ORI & L CiE 1 RIER OFE S MR T TR - O EL & 23 FE 8 H12 Bd
BEToHfraryyva—Ar ME (UITICH) 23 [1-2], T35 1 HEGHEL
FNT TlInSe, D32 KA LARBEE FE . W RRHIE OFRINT 21T\ 8 H O Tl
T DIAIRREEE T & YRR R 2N FEERFE R & R U 2R 2 & 2R L7 (7],

TINS, 1%, T1 2 2 Rt D@ RS 27~ U, WIS EBR O 5 B HIKIE T
ICHNRFEET D ERAEINTWD, FRREREZZEZ TRINARYZ LD E
— JEDOENT D Z ENDICHN D N AR ~OREEFERS I K 2 2R E D2 LA
MR SN TWA[3-5], ZORIRMEED TINS, ICEREE THD Fe & R—7F15 L
WL AR N VIS ERF 25 Z & BEVEMEL & @i B O R % DR EE oA
7 Uy KBS L CORBEMERBIFF ST 5, [6],

LWL R—EU T DA D= AL ERAT 5B RN T Ve —F s TEbT,
R—=TFER ED K 512Ny REEESHFREICZE b E B X TO D NERPTH S,
F I THRAITE—FHHELZHWT F—E o ZI2 L A ETFREE &R ED A =
A BIZDWTIRT 24T - 7,

2. BtHE A

2.1 TlInS, PEETT I
AT 72 TINS, DR E D~ = v hEL1T 32 i+ CTHiR S5 (TI=8.1n=8,

S=16), BEIRMEEOHEMIT. C ST N CHCHEE SN EEEIC TI B2 C

il oD T [E 7 AN EARANCELE T 2, B O In 58 Y O SR8 4 k2 /R 5,

2=y heATEE, FREO 2 BrOERINTEY., T Tl FET O EARELE
(X C#ih (Cfil) (kL CE®E S ERT8],

7= 2019.01.15



30

2.2 HEFHE

BB FH I8 PRI DWW 8 1 R R 2 L7, BHR TlE& x D1
WA DR ZITV, TR X —ICLE 72 R L E 2 R 72,

IC tHOFHRFiE L LTk, MEEMAT O FEBAE RO Tl RFI3IEE BRI EE LT
WA Z R, LU, BUEEHE BT 2 o~ 3R Bl E 2 R A0 E O R )
OFEFCTHELT 2 DIZBLROHEFIETIEE LY, 22 THEOYIHET LT Tl K
1% CHhOIEE AN 2a JAHNCEE L7 RIECRIAE 21TV (@i THR [ . i1
NEEREFNE DT 3L F—HCZERIRFRUE IS T DG amkiE % ICH & L72[7],

F—v 7RI TH 2 T1In,S & Fe [Z A H 9~ 2 E#al b fE SN I Fe i1
PIEANSNDEAR TITo 72, BBERE TH S Fe 12 3d°+H4*HLE TH Y d HLE D%
Regh, METHE8 L LTHEEZIT,

R—=E 72179 HEET NV TITEFEEREROLER L LT, Fe 1% InTILS
P A MIEET 2B (Fig.l(a) &REaaNOZEE 2RI 725 D iATe (29 AR
(Fig.1(b)) IZTHEBEZITV, B IREBOMIRZIT 572, B &M TIE > Mg
BB 2RO, SRR ORAT & L ORI AR Y MV OFREE(To 72

Fig.1 Calculation model of Fe-doped TIInS,, The unit cell made of 32 atoms
(T1=8,In=8,5S=16). (a) Substitution model (In-site, Fe atoms is blue.)
(b) Insertion model (Fe atom is arranged in center of unit cell.)

3. ERBIUOEE
3.1Fe- R—712 X % TlInS;

Fe R—712k % TnS, DR EIZHONTHE AT > 72, BHA T, In, T
S DENENDYA MZ Fe ZEHR L TEFRELHE LS, Wb EHRIEIX
AR B RS PARLERIREETH D, Zhiucxt L, AR CIEE IR 8 A 2R
T, ZORENDL R—=7OERIIFEARNLETHD Z LBy hoT,

AL CONY R L L7008 (IC M. 2a JAW]) & DLk Fig.2(a),(b)

0 & L7, Fig2()® Fe R—7
TIE, Fig2.@) DSV 7 IRRED NN R v v TN R A X =N EZ R L TV D, =
I AN X ¥ v 7NICT Fe T ORI IRIZ L > TR RS Z LIk b &
Bz bbb, Fig2(@)Ofitlho = 3 L —ff 0 (T OMRE TR L-#LET Fe JRT0 d
HE D A & IEEAIRBEDOSEEZ R L, T RLX—2%: AE MR TE 5,
WIZFig3 T TR TOBMBEEIC OV T Fe T A FESAIREED B 21T > 72,
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AR RED B 4D Fig3.(a) Tl Fe JiF PO d i & r#E D XY F AN S L~
HLEHER CTE 5, ZiUX Fe @ d+s Bl &, Filrd2D S @ p #liE C Hybrid (RAE A 7R
LTW25, &5 Fig3.(b)dIELEAIRIETIE Fe JR+ & SHEFMOHEN R bhenw
EMDLIEREAICIEVIREETH D B2 NS, Fo dBLEIX Fe R TFNICRTET S Z
LR T E D,

1 Enrgy[eV]
o

I

Fig.2 Band structure of Fe-doped TIInS; in IC-phase. (a)Bulk, (b) Fe-doped

@)Q!iﬁ

o

Fig.3 Charge density of Fe-doped TIInS; at the I" point in IC-Phase.
(a) Highest electron-occupied d-orbital (b) Lowest unoccupied d-orbital

3.2 HEEMEHEDRER

Fe F—7IC KB HAFMILAY bAOFERE FighbITRT, /o FRGEE R L
TV FE R Figh. @R TWIN DS S EAN Y 8B, Zhud R—7 L7z Fe JF+0D
R NRIZ L D 3 RE OB DIZOTH D, WITRIND B —2 Z FFAIZHA~T XY
FRERE, ZAUTEAREETO Fe JiT & S FEFROBIEIT XY HFEICHEET S 2
CICERTDEEZOND, Fio, 2L ORINEGTH D 2eV T TIERINIZ T &
—RTHY ., ERERLIFE UM ZRT 2 & BT 6]

WU AN VDT v A% Figa) THRIT 5, REAIO@)E SV OffiE T4
AR A~ONY NHESZRT, Q) TIEMMETH205 Fe &0 d #uE 0 IE HikEE
~OEBZE R L, Q)T d BUEO SHIRRED DS 7 H~DOBBE 7T, (4) Fe
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) WX AT R VT (A DRI ©— 7 5B bk
F0., QBT a— FRWINERTL)D VT OWRIUIZ/ % EE 2 Hhb,
() (b)
TlIn$2-IC phase 10 Fe-dope IC
10 A‘X,Y ‘
8 8 V&& ) g
; I
: R
Ay
2 2 Wz — —
£2-C(]
° 1 2 3 4 ° 0 1 2 3 4
Energy[eV] Energy[eV]
©) TlInS,
MEC// Fig.4 Optical properties of Fe-doped TIInS; in IC-Phase.
?) (a) Bulk, (b)Fe-doped
— g (c) Schematic pictures of optical transitions
(1) (HEv — Ec, 2)Ev —>d *, (3) d — Ec, (4)d — d*.
@ The strong and sharp peaks correspond to (4) d — d*,
2 d while the broad contributions correspond to (2) Ev— d*
P vy and (3)d —Ec.
TlInS,
5. fHnm

Tl ZAE AWK D THNS, ICEBE B D Fe 2 R — 7 LT- B TS & L 2RIGE R
IZOWTE—FEHEL AW T 21T 572, ZOREE, TIInS, DR RE¥y v 7N
IZ Fe JR 7D d BRI, fEMmGEIRICE > T —naniE 5, HaARE
TOBFIZdHPUEL SO p #UED Hybrid IREEZTERT D, & BT A~
7 RVTIE, N> R A SO U C, IR Tl d B0E D4 2L/ OB K AWV
— 7L NI NGO T a— RRER, SV OBEBOIATEZ 5, 210D OfERIE,
FEER LR U 2R LBBEROEMNZ R 2 E RN 0o T,
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Surface Treatment of CZTS Thin Films by Sulfuric acid with iron nitrate(IIl) nonahydrate

il R i o FE M RA e
R BAERC, AR OFNOCC T AR

L PR BRI RREA R T2t

2. RMTHRMERMFR BEXEF AT L TER

Yuuki Nakayamal, Hisashi Miyazakil, 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 (III)
nonahydrate. Samples were evaluated by Raman scattering spectroscopy, SEM and EDX. The
normalized film thickness decreased with increasing in concentsation of Fe(NOs);- 9H,O.
Therefore, sulfuric acid with Fe(NOs); - 9H,0 is one of the etchants for CZTS materials.

1. IZIU®IC

CupZnSnS, (CZTS)IE., ZEHIHME K 1.4 eV T, JERIREN 100 em™ B L &<, H
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B, TRORHEREE L E 725700, BIBDOBRESC K OIKENIEFICEETH D,
INE TEDRILD T DI~ DIFFEE TlE, BEOBRESLKRIEOIKRZ BN E LT,
CZTS WAk 2 72 RICIRIE S, RENEDO X I ICET 202815, 7ML T
X7, ZTRETIZ, BEKRCEBELKFEK, TUoE=T KR EIRIES T, KEEE
RREEE DA OV TIRE L TE =Y,
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b CchHrib, moF LT ENDEDOTIERWWNEE X,
2. EBRFE
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TV =V 2R/E L7206, HS WL 2 L CERLL 7=, ZD%, B
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3. MERBIUELR

(1) WilelZ X R8s

12, MK CIRIEAEE U 7230 & Wilfe CIRIEALEE L 7273kt Raman A7 |

-11- 2019.01.15



30

NETRT, EBH 5 340 cm™ AFTIC CZTS DA A B —

7 75§ muf% é if\—\ @ILMT'_’E?@@ L/f\_uit*”' ji
fliK CIRE R L 7= 3k ;‘rﬁ”ﬁp I C %focb\ CZTS DO
TE— I B ERTE T, £, 0B TBEEITUVN, A A

y€~7@¥@@%ﬁ®to%@%ﬁ\EB%@%@@
HEI20 cm! ST E A EBENEN ERNDbhoT, =

N OFERNG  FERPEICE NN EREBE X 515,
X 2(a)lZ, MK CTIRIELFE L 7=kl o SEM 5 |

B, [ 2(b) iR CI B /L L 7= 3B £ 1l SEM 5

W (a. u)

L.
200

| '
300

e

20.1 cm’!

| ' | '
400 500
Raman shift (cm'l)

K & B TR RALER L 72 R

@ Raman A-X7 kL

B %R, BBSIK CIE T L 7= 3N 1, REe AV ks L)
b5 T L NHERTE T, Eim . REERIR A R T - X @ 9:

R CE -, —J. X20b)E, X 2a)d bl L CEEIZ

AHWRINEAD L TWB Z Enbhotz, 61T, Faa*iﬁﬁ =t
REEHIZ e o722 b, TRHDORERND | Bl T CZTS K e

RIS 5 L RERRICEENH D Z N5,

Wrisi SEM 5%!?75>%/EUEL7LH%:J—0)WE IZDWTRT, AL
FIRTOMRIE 2 1 & Ik b L7z & & | Bilig CR AL L 7= 3k
DOIFEEIL 097 ThoTl-e ZOFENS, BFEICITFEALEE

(LA o 72 2 LD D, CZTS A il TR

5L RETERRITEET 2 PREITT & A BB N2
30 MORBRHE Ty For 7N E A EEE RN &R

ZZ %2@%’)
# 212, EDX OB HT OFERD 6 H H

A

| '
600

2 ALHE U /- SR 0 2
SEM GE  (a) Hilik (b) il
7% 1 EDX OMERGHT OFE RN BRI Lo S nE o

20.1 em’

J
700

Lf:%x%ttﬂ_ob\fT% FEAAK T e T cus

Cu/Zn+Sn

Zn/Sn

S/metal

A U7 E . Wil CALBEZ U723t | sk 0.37

0.72

1.19

1.12

0.74

1.20

1.10

FHRIZK X RN EN D LR b D TR | 039

ZOFERMND . FFEDITLHEN B }imb{@w‘uﬂb“(b\f@b\k%i%héo
LU EDRERIG | Btk T CZTS MR A R 5 &, #EITE VS D D%

TyF LT ENTNAZ LDt
SEFZE Iy F Ll L— e B2 & X,
(2) WEEEER(I)HE B4R A7

RELIRINT D EE2B R T,

TyF U7 L— b E ETFDHIZIE, ROFEREZ NS, OMEEZEERL S 5 E
RS, OREE EFD, Otz >, OfPT 5, A COICEE L, ®ik
THRERLA & 72 D AHERSR(ID) Z I L EBR 21T o 7=, S~ & LT, mHEREk(IN) D3R FE

% 0.025 mol/L. 0.050 mol /L. 0.150 mol/L & Z{k &8, hife

WZEsim L7z,

X 412, FHEEER(ID)IR B % 2 b S 7o IR S B 723Uk Raman A7 L%
RY, AHERER(I)DIRFEN 0.025 mol/L F TIERE R LN EN - 7=, fEEREEI D
FEAY 0.050 mol/L 12725 & 465 em™ I B — 27 NEBinz, ZO— 7 3bEe ) 75

(M00,) ThrHEEZOND Y, HEEELIDIEE 2N 0.150 mol/L DEEHKIZ
D Raman A7 RUIZIE CZTS R TE—7 BEER L TWe, ZDOZ Enk,

CRESE

CZTS DMUOMBHIZE L L=, B LIZ CZTS BN v F U 7 EN-Z EnE X

Y S

[ 512, AEERER(I)IRE &2 2 b S BT EIRICIRIE S B 723 B2 515 4172 Raman A
RT MDA A =7 ONAENEDIACIZ DWW TIRT, AHERER(I) I EE 2SN 5 12

-12-

2019.01.15



30

T T T T T
BRI 0.150 mol/L
N h 22— : —
il #%(10)0.050 mol/L
-~
= =
S| g il
i o1l E
8 % #
o€
oL ¢ . ¢ . ¢ .

R S B ok feme 0025 0.050  0.150
200 300 400 500 600 B W moll  moll

Raman shift (cm'l)
B 4 fHERER(IDREZ (LS L & B 5 fHEEER(DRE 2B LS &D X6 fsEREE(I)0.050 mol/L #hN L
@ Raman A7 k)L AL E— T ONEIE DAL 7= iiE CRIENE L =k 3
i SEM G.EL

ONT, HEREPENML TWDZ ENRDND, ZORENG, HERENIEE A H N
T 5 EREmENEALT 5 Z E N o T,

6 12, FHEEREL(IN) % 0.050 mol/L ¥sHN L 7- AR iRIE & ¥ 7=kt D £ i SEM B &
ot K2R3 LB LT, REICKERMMAHER TE 5, Wi SEM O R
M, CZTS N E TR TlI/ e Wiy F o 73N Elnboo 710

B 71 B FTOREIOBE 2 1 EHE LT XD Lo—e—— — —
TREDZEAIZ DWW TRT, fHEEE(IM) % 0.050 mol/L & ]
U7 BRI S E 3B O BURIE Mo 7B RDEH = | .
TITEEL (Mo 2 B R £ THBUE & Ui, iHERgk(I) =%
DIEFENBEMNT HICONBEERNEL LTWDHZEND )
M5, ZOFRERNG | B Z A5 LTy T - . ]
YBENE E LT LD %, MBRIZEM UM " a0 oo oiw
fREk(I)ITsREsfbAl & LTERHT 5 2 & ﬁi%i HILD, ®7 WESDEE 2B LS L 202

8 |2 EDX DMK ST OFE R, BB M L fpE 7 orimaok

et

REARHE

Mo/CZTS #aktt 2 ~d, WiBRIZERIN U 7= g Ee gk (1) 8; o |
FEDMEINT 51224 Mo/CZTS ARSI L7, 2 |
%, EDX BT ORI CZTS BN L, FIXH9IC Mo 5 ]
BEMENEMLI-EEZ N5, P |
9 |2, EDX DM ORRN SR L&A E | ]
IZDWTART, Zn/Sn R E A LTV DH Z &b Lo o o °
MBDH MDHERITIRE REAENIED, ZOFRERNE Wik w0025 0050 0150
fERREE (IHZ W L7 ISR 2 RIE 3 5 &, £ X8 EDX ORI OFRS LR L7
FEANSE L, BT LTS EE2 bR, e
(3) W okzA zL:/@,%ﬁiF L. -
:“if@%%ﬁ@wj‘/ LHECHLEM T T "t ek
WD %ﬂn%f&péﬁﬁwz‘/@/ﬁrg%lm 0, ., . &
(OOSOmol/L) L. faf Y &S ECRRET > og) ]
Too TIN L 7= 3SR AYIRER(II), FEBBEA(ID), Hifbek(am) — [ °  ° o o
Th b, |
10 (a) {2, HEALER(I) 2 RN L 72 BRI I=E L 7= gk RE o ol moL

X 9 EDX ORI OFERP B L

AELD, X110 (b) ICHEERSR(I) Z TSI L2 AEER ICIRIE 1 s
L7=i BRI SEM EE Z~79, [X 10 TiX, @ik

-13- 2019.01.15



30

THUHEAZ LT2bDEIFEAEEDL -7, X 10 (a) T
. FERREREICAFET D AVRINED L. AR AL &
W RN D, A RLEIMLTWD Z Enbnd, -
72U, B ZRM Lo & T, K&z
Mol A A ORI L » TIRBEIFEIZIZ E A P2
NHENST=Z LD, [BA 4 OfFEIC K-> THiBO = v 5
VI ERHEL TV ENEZ LD,

%] 12 12 EDX O HT OFERD BHEH L7z Zn/Sn & 7R
9, HALSR()Z RN L2l TR A L7=b DIRIFE EA L
IALHS 2o T2, FREESR(IL), AERASK(I) 2 1N L7 BifgI I8 L
Ui S 723Uk EDX OB OFERH S | Zn/Sn L) RS
LTSI Eenbind, ZOZLnb, FMLEREDOR 1 SN — |
F L OFEEEN CZTS DTy F U TN RE B HEZ2 52 10 VRH % 2L = & 7o il C

N - . < P N S RITLH U 7230k O £ i SEM 58
EWRBA DI RS, LA A VIO =y F o 7% e

LEL T2 2 eREXbND, £, HREKAD 2| —
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S>EH Zn/Sn LR KELS B L TWAZ Lbnsd, ﬂl.Z» s & & |

ZOZEND, BA T O A AERNBERT 5 2o s

REMED AL ST, S N
INOLORERERNS, WINLIZRIEDRZA F o DAF 4 |

AMEEAIC L > Ty F o 7L — MIERNH D & & S

2 HND, Flo, AU ERMNT 52 L CRERE W12 SO ERES T L X0 EDX
E 0 SRICRE A ET B - N E X BN, PRI ORI S I L Zaisn 2
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ZHUBAE RN S FREREL(ID) SO EAEL(ID) 2 RIN9 % Z & T CZTS D v F o F Wik
ToZ EMbinotz, =20, HABBKAID &2 N U 7= RER =18 L7238 3K 1% CZTS 12K
XREENI NS Nbhhol-, OIS, CZTS D v F o 7121 3 [Miogk A
F DT TR, WIMLEREDREA A OEEPIREIEEST LI L) 2 L
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NAFHERROTRAAA MZHETFE F—2 FOEH -
F—REHEICLSBE

First-principles Study of Doping Properties of Lead Halide Perovskites

AR B il Pesk 2
1. FEKRT MAEHE THT DY a— R
Satoshi Akai', Takashi Nakayama®
1. Department of Physics, Graduate School of Science and Engineering,
Chiba University

Abstract Solar cells made of lead halide perovskites like CHsNH3Pbls 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, using the first-principles calculations. We found
that the Te and Po dopings are effective to realize the p-type system,
while the BiaSe codoping is useful to produce the n-type syetem.

1 WrEE R - BHY

mua oAb e 7 A A FEERIL, AR TH S CHsNHs & EEM TH D
P+ 7o) THER SO ARERE N1 7 )y METH D, N R¥x /7° B D)
1.6eV OEFEEBA T, il Hid e o p i s Pb O s #iE, =8 % Pb
D pWIEMNDR DT, N ERINEZRE Z 2 &ML TWS, T OFE jJDZ"C
ZOEBERERGENG KT X M mRO KGR R L THER S4U[1], 2018
FHLEDO N1 T AT A MRS EM O R REBNFIT 23. 3%IZE L TWDH[2], &6
70 D8RR M BTN pn RO LB NVLE T, KX ¥ U 7T EEN G KGO
DIREBIOERDRNEEN D, Lo L, n BUERR D 72 O AR iE#L 2 A0 Bl &2 R —
7D & RN AE L%\éjlﬁ%ﬁﬁfll{%t)f LEI>Z ERHRESINTNDI3], £ TAH
MFECIE, R EEE A 2 HVC CH3NHsPbI; | 1‘%5 72~V IER 7% & R —7
LToROLEME ZOE RS, F— 0 700 LAl 2 et L,

2. BtEGFE
N—v o 7R ZR~ 572012, Fig.1(a)lZrd CHsNHsPbIs @ 3x3x3 unit cell
EHW, B R—7Z2REL T, ZOHD 150 Pb i+ % M~V R 712 E .
HDHNT 1 OO TR % VI ERFIZER L RT3 —2 N TE DL EMEZ
N FMEEEZHOVC R T =650V T 787X 550 E#EmT D, IHIT
Fig 1R T L 57, BV A5 3T % [RIFFZ &L L 7= codoping HRFTT 5,
FHEZ I3 BRI B S BRI H DWW 72 58 1 BT (VASP code) 2 H L 7=, EH#LO
=R X —Eform 1, B ZILEZEF O R—32 K a Zi’ CH3NH3PbIg B Pb LA
PXE LN X —L LTUTORTRD, ZOMEHTIZ EFEo R F—(EH] F—
FICX VAN T IZELDEDZR LX) EHND o__TE“M/mmi%@F~
LTS LRDROET RILF— yvac [THEZE m@ﬁ%@Izw%H(M%TT//
¥/V) ThHbH, 72, codoping DZEMEZ D012, =%/ ¥ —(codopant
i BT DI E R =R LX) E WD
Ffor m = Edpfmt

vac

Fbulk = Hg xC + Hpp
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Fig.1 A#FECH = CHsNHsPbIs @ unit cell, (a)!
A, (b) Tk, AHOL S ICEE L 3 TFEBER LT,

~ \bycouoping vy

3. R

3-1. Pb JRFVA b ~DEH

Fig.2()lZ, #~x 72J5ii1% Pb JF ¥ A MIEBRLIZGAOEK=rLF—LET
FNX—%RT, BT R X —1%, I FRJR - OEH# TR 22V, V IR CTiEl
1.5eV T, EHL O REVWEOHEMABRERIIEZ D IZ<WZ ENgND, £, WT
NHEZRAXF—=DP/NENT & IV BT OGE IR R F— NN Z &y
5. K=/ NOBBMAEDERL =RV X —HRKOKFK EEZHND,

32 1 RFH A h~DE#

Fig.2MWIZ, W OO F% 1 VA MIE#R LIZSGEOEMRT R — K]
EFx XX —%2"7, S, Se THEEZARNLF—TRE VDT R F—1T/HhE 0,
ZAUE, W T EEEEDIFLEEM LBV EZ L TWATDE LB 6N5,
Fig.3 lI2Zi b R— X2 bW A T=5HED R RiEEERT, Te,Po BHLOLEIL,
MEFH ERICEFEZEH S EA LN RRBIND 72D, Zub dopant (X7 7 & 7
HNZIp D Z EnHFE D,

3-3. codoping DA

FEEEND. RT—OERBHE LW LRSS hot-, #ZTZ 2Tl codoping
\ZAIREE % R AT %, Fig.d ICBE% 72 codoping DBFEDIBRT KL — &R, LT
NOBE DT F X —1 Pb ¥ A h~OHH K —7 DHAE(G1.5eV) L W /hE 0,

2.5 - 1.5
2 . ) ° O BRI RILF—
[ ] Z:I . .
<15 ¢ —os . O FEIRILY
(] > U.
= 1 9, ®
Z & 0 s (]
80.5 ° ® 2 S S.e Te Po
- 0 — : ® o w.o.5
. )
-0.5 Ga In Tl Sn Ge As Sb Bi 1
BRETE BERETE

Fig.2 thx R & B N —7 L7238 OV F— L EZ X LF—, (@)Pb A b ~DiE
e, OI VA b ~DBEHROLA,
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Fig.3 ¥kx 72l 7% 1 %A h~EH L 7= RO\ R,

K712 BisSe, SbaSe I3/ &V, £ Z T, BisSe DA D/ P % Fig 5(@IRT,

HEIC Bl ZHEM T R—7 LIS (ZHIILETIERY) oy G RT, £
DNy RiE %R T, Fig. 5(a)7b>% ifiEE - H N O _EEBIC ?.’ESe ZIEA U 7= P 2 A
YAy RN TV B DORNS, —F (REHO FRICIE, B f T4 HMT K—
L7z & & &R Bl IR L1340 Eﬁfi&b\Tf@%/\/ R23Bli
%, ZOFERMNG | BigSe-codoping I KT —%{EHHERFIETHD Z LM EN
X8

5% \Z codoping s DRDLEEMNZE 25, Fig.6 DL 51T, codopant 23 2 D
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© 0.5
[T N]

N
) VAN

Fig.4 #f4 72 codoping DIERLT /L F —,
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Edisperse = Eco—doping + Ebulk - Edefectl - Edefectz

sl — 8.

Fig.6 codopant ® 43— /L F— D[],

0.35
0.3 ®

[ J
>'0.25 As,Po e SboPo
w

( J szTe
% 02 AsSe o o
@ 0.15 hs Bi, Te Bi;Po

As,Te

0.05
0
Fig.7 #k% 72 codopant 43— % )L 3 —,

WD T L EBEZ D, BND OIS ERSEE T 2L X —% Fig.7T \ORT, &
B 2L X — XV T codopant (X L THEK 0.2eV TH Y . HIROECEMEEFIZ I
bORELETCHDHZ L. F— 2 FERIFFEG L7256 codoping ZTE AL L3 0
ZERbND, AW TIE. codopant NEHETH I EAREL TWHTZD, DO
REZ IS AlREME /e EEMFIT A2 M ERH D, n MAEERT 72012131 >DOFLR
FETITZRWNEEZ TS,

4. ¥+

AT, F—HEHAEZHNT, "e kX 7 AT A b~O@EEE R —E
T DR ETART, EORER, P JRT A b~V RIRTEZE##RT 5 E R —I2h
HZENTRBRINDEN, EFEAEICLVELASOFEMR T RV —RNRENTDHE
BUTEE LW, — L TRFYA b VIEREF~ERT D ELERT 7875 2 ER ]
BE/R Z Lot B2 Te,Po D R—E U IRELREEZ HND,

Wiz, RF—DrREMEEZTHIRS 7912, codoping #%& 2 7=, FOFER., EHJF
EILDOFREETIMRKE N L&KM LT, codoping ITHMZRJFFDOERR LD LA
LRTWZ ENmole, FrIZAY REEDOBLE )5, BizSe, SheSe 73 H L7
codopant ThH 5, N—E U 7LD EHRIINDMOKRIEIZES I S 720 E D
WERITT 2 Z EIZA%OBETH D,

SEHR

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

[2] National Renewable Energy Laboratory, Best research-cell efficiencies (2018).
[3] Y. Yamada et al., J. Phys. Chem. Lett. 8, 5798 (2017)
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PLD ¥ CulnS, EED S 7 =—/ViREIZ L 5 BEHEDOE/L

Changes in different phase of PLD method CulnS; thin film by S annealing temperature

FHET KR, KBCKRBET 2 BE #FAY, ik AR E Fok!
Chiba Inst. of Techl, Osaka Pref. Univ.z, Hajime Shimada',
Yong-Gu Shim?, Kazuki Wakita'

Abstract  Sulfur anneal treatment of CulnS, films deposited by PLD method was carried
out. For S anneal treatment, the composition ratio of S was performed to be more 50% and the
crystal grain size became larger. In addition, it was confirmed that different phases such as
Cu,S which were observed on as-deposited films, disappeared by anneal treatment with
temperatures more than 550 ° C.

1. ITC®HIT

ZICEIK CulnS, 13 1.5 eV Oy RE v 7 & RE RRIREZ & D72 8O K5 E
AR U CHIRE ST 5D, Tk 1d PLD (Pulse Laser deposition)#£(Z & ¥ CulnS, #
FROVERLZ 1T > T\ D, SEIH T AR EICEE L2 CulnS, #iE%2 S 7=—/117 5
ZEITXRY, SHAEORHIE & & BITHARELE M ORI OV T T O T
T2,

2. EBRGE
AWFFE TR L 72 CulnS, Z i 13 Cu, In, S iK% Cu:ln:S=1:1:2 DE /LR TRA
L7eBARRE 2 EROY L, AREICHZEEAZIT o724, BEUF %M 900 °C T
96 WEHIOBERE & ATV MER LT, (EI LI SAE RIS ARIE O 7200 S & InSs Bk %
BTN THHES, TERIE L, AREICEZEE A LT, 400CIZT 1 Ko
Pea £4T>C CulnSy =7 b 2R LT ) BRSNS R L
—Hf (PLD) $fi% Fig. L IDRT, ¥ =5y T % CulnS, iidh & A 545
TZOD/NVAL—H—L LT, Nd: YAG L—H— (J&E 266 nm, V& LEHRE 10
Hz) #fEH L7, BEZEF v o N—HNF X — RS T
R 7 MAT 10% Pa BLFICR S, /L AT X
JLE—0.8 J/em®, FAHGRE 500 °C, HEFERFRTIL S
REICEE LT, fEI L7z CulnS, #—7 v b &
SLG itz H W iEEA B EL 72, £ D% CulnS,
W L S DA A Y IC LA L TA50 0 5
650 °C DRI T 1 B 7 =— VLB 24T > 7=,
I D FH B 4 T 3 Al O 72 12 EPMA(Electron
Probe Micro Analyzer), 850D 3% M ONT i R EA
DI E A BB (SEM), il 1 O FFAlh o> 72
OIZ X BREHT(XRD) #IE, & 62RO BARK
BB D3 AR Z 5 T O I RBE S A 7 A
ZHWT T~ CHGEL CRNE 21T 2 72,

Fig. 1 Schematic diagram of PLD
apparatus.
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3. BERBIOER
3.1 EPMA |2 X 2B R OEERE & Wim o SEM £

Table 1 IZZ LD T =— VR T A EEOMKIE 2 R~d, S 7 =— VLB %
1TH5Z2EI2E-T, 7T=—NARi41%THo7- S OMILRIIWT O T =— LiREIC
BWTH 50%% 8% 7=, Figure 2 (27 =—/ Laij & 7 =—/L L 72K S/metal tbDZEAL
BRT, ST=—/L 352 LI2X 0L S OMRLERIZT =— ViRED EHIZE
HARWEAD L, mbEIERD 650 °C 7 =—/LIZBWT, MM ERTIZITEWE
e o=, £7-, SEIOMZETIE Cuw/lin HlZIET =— RIS K AT Hhn
7273 72, Figure 3 \ZHEIROF 1 & Wi O SEM 4% /R, S 7 =— /L L HfED Ik
BB, 72— WBEOE WL DIIRE 7 LA ORI E b OfEih & 72
S, ZAULS T == MZ X o TS BHHICREINTZ ERER EEbh s,

Table I Annealing temperature and composition 1.5¢ . .
ratio on CulnS, films. o . .
= |
as depo.| 450°C | 500°C | 550°C | 600°C | 650°C | £ 1} -
Culat%]| 246 | 1939 | 1393 | 1818 | 1613 | 2253 | | |
In [at.%] | 34.1 23.75 2734 | 25.27 28.71 24.47 05'_ ]
S[at.%] | 41.3 56.85 58.76 56.6 55.16 52.95 [ . X | X | .
S/Metal | 0.70 | 1.32 1.42 1.30 1.23 1.13 as depo. 450 500 550 600 650
T =— ViR
Fig. 2 Change in S / metal ratio
on the films by S anneal
treatment.

Surface

2.0um |

as depo. 650 °C

500 °C 600 °C

as depo.

Fig. 3 Surface and cross-section images of SEM on CulnS; films.
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3.2 fEdEE

Figure 4 (2 S 7 =— /LALBELR[#% D XRD OFEREZRT, T X TOEBEICIB N THELI
72 XRD NZ = Nang T4 MEGEE D CulnS, DD E—F LT, T=—/
SLEERT20=36°,39° 3T CTHIH S 4u72 BAH(Cu,S, CuS)DEIHTE — 7 RS 7 =— /LT &
STHHE SN2 lpolz, T=—I/LIZ XD 20=45°, 47 (TR — 27 BNET 5 %
56 &> 72h3, 600 °C 7 =— /LD O IZERFANNTE & A ER S /e i > 72, Figure 5
X7 ~ HGEL A YERE OFE R 27k 37, 450, 500 °C (2 C7 =—/L L= TlE Cu,S
D —7 (472 em ™M I 0 E@IE IR O 488 em ITICEAR L Bbh A B — 7 S Eh
7o ZOHEFIL 550 °C 2R DREDOT =— LTI ShRl hotz, 12, &
W7 = — VR CII B R IR B E— RS E(L)22 B A E— RIZE b o7,

TS S | A CulnS,

i 11T e 74/ E—F

650°C 3 532 nm
\Po 7.5 mW

S -

2
=

[=]
N

CuZS
CuS
i 0 N
CU2S
Il’le4

:
[

Intensity ( arb. unit )
Intensity (arb. unit)

i CulnS,
.1 (JCPDS)
| 00-927—0159 |

40 L b o ‘ ‘

20 (deg) 50 200 300 400 . 500
Raman Shift (cm ™)

Fig. 5 Raman scattering spectra and

phonon modes in CulnS,. ¥

Fig. 4 XRD pattern on CulnS, films.

33 Forey UL B EMARBOMR
Figure 6 |2 S 7 =— VALEER] CulnS, HFEIZ BT 2 BIH(CwS) DX E DM A ~T, 7
VR I BV ITBINT AT MANST =—LHIO BRI TH D CupS 7Y 50 um?

LR OfEIE(15 point X 15 point L D NZEBW CHIRERIZHOMA L TWD Z ERXbnd,
CulnS, Cu,S

B e R

W
S
S

Cu,S (462-482 cm™)

Intensity (count)
Intensity (arb. unit)

as depo. ___50um_ 200 300 400 500 600
Raman Shift (cm'l)

Fig. 6 Raman mapping (462-482 cm-1) and spectra on as-depo. film.
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Figure 7 \ZMRIE KX NEIRTO S 7 =— )VlRRE DO T~ o~ v B V& 73,450 °C
DT ==LV CuS LT 5 488 em™ (fTTIC B — 27 DI b 5 Bl 3 il d
EIRIZIER ST WD Z Enbnbd, £72, CulnS, D E—7 O I GATIZ K-> TR
LOEXNHLZ bbb, L, 7 =—/VIREN 650 °C O Tl 488 em™ D E°
— 7 KON Cu,S DE—7 (IA LN IeoT,

CulnS, Cu,S

L

1000

Intensity (arb. unit)

Intensity (count)

200 300 400 500 600
Raman Shift(cm 'l)

8

3

Intensity (count)
Intensity (arb. unit)
(—
T

j - : CuIl’lSz
Cu,S (468-498 cm ™)

F

50 um

50 200 300 400 500 600
Raman Shift (cm'l)

Fig. 7 Raman mapping and spectra on the films with annealing temperatures of 450 and
650 °C.

4. FER

S 7 =—/UZXD CulnS, #HED S MABILRIT 50% 2272, ZucE b S T
=—/LZ LD CulnS, HIEOFERIRIIRE 720, BHLEEIND Z L 2R L
oo FRICEIR T =— VW LEZERICIN O OSENBHE AN, £T2, 77 HK
FLHED D 7 = — /LRI E I CunS A3 50 um?® L F ORI THAi LTV 5 2 & 2k
Bl ST=—1T5Z LT CuS LIFRRAHAIE—INEICEMEZAELCD L ST
D, TOEME—713 650 °C OT7 =— /L THREINR DT ENRbIhroTe, TH
BOFERND 600°C LLETD S 7 =— L3 E B IEIC B Th 5 & bhoT-,

HEE
ARAIFGE D —F 1T SCREE RN K SR IS O AfF 28 EL A 2 1l S 12 25 (ARl 25~29 £ No.
S1311004) O PE% 521 T S vz,

BE IR

[1] Yung-Tang Nien and In-Gann Chen. Journal of Alloys and Compounds 471 (2009) 553-
556.
[2] W. H. Koschel and M.Bettini phys. Stat. sol. (b) 72, (1975) 729-737.
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CulnSe, fE & DA R & FF-h

Preparation and investigation of CulnSe2

VaRS ik, ARES FRN, OKH fa, ALk AR
] L ERRR RS BRI B
Takuya Nishimura, Takuto Hattori, Minoru Yoneta, Tetsuro Kubo
Department of Applied Physics, Okayama University 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. IZIC®HIT

[ -II-VI, R LA ERITESEER O RIEEEZH L, TN FEy v
T OHFNARETH D, Tz, KHWIUREN K E W2 Lo b RGBS LT
FHINTWS, ZOHT, Cu(ln,Ga)Sex (LA FEMRIL, ®mWEHEZAGT HK
EEASEL & U TR N T T, FERkIcE>TWnW5b, —F, [-M-VI.[&%
(LAY TR E X=X LT 5L EW-EIREMO E e o mahs{bx BRI, *v
V7 B mBEOIBMED 272 63, (LA H-ER B RO AT % 7o R B
BT DA AR DL ENVETHD,

— RSB R O LR O FEIAC B D fHT X, (bR AT T T & TR
faD DI WEEE AR S b, 2 E Tle, [ -T-VLL EREEYEERIC BV T,
In EBEAEHWZRRREIC TREME R IV HiE 2R E T 2 gt s
[1-4], 514, 25 LcmshE e v 7 Bifs i &2 O T2 ERF SR 08 IS < i S 5 H T,
U 3 L RER O R BEH AT DEME 7 T NA AR & R S LRI, 10—
VI, R LA BRI B W T O RGHIE O e b3 ~<7 U T VT A VR FRE L 72
HZENEIfE NS,

AT TIE 1 —I0-VI, 5 R L EW BAR O S MR JE I T 59 5 72 O E e 7
it B L O RREZ B L C, CulnSex DEK &G Z T 72D THET 5,

2. ERFE

CulnSex DEKITIE, CuSe LEMHER (99.9%) & ImSes LEMIR (99.999%)
W, M OMKRMELZ R AEIE TSI THEA L, £ LT, Az Uz
BRAEEONIIIC A —AR L a— e l, MRMBIZ ALT-1%, EWHAEENE S
x 107 Torr LA FICEZER| LT b2 5 U CTRELT VA ER LT, $£72, &k
FEERI X B ERRE IR 2 2 I EXF A VW, BENREFEF 2> T 1~2C
/min THIEEE ZHIHE L, #1050°CE THIR L7=#%, M4 40 R oM+ 22 LT
BREIT 2T,

AW CTHR LTALEM E I 572012, @RS 2> CREE 74+ 1T —
BERZITV, R X RREITEEE (X - ray diffraction : XRD) (2 CHESETED R 21T -
7o £z, 7o —7~27 17+ 7AW — (Electron Probe Micro Analyzer : EPMA)
ST, GRS NTALE ORGP LI DUV TR~ T,
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-~
1cm |—|

1cm

Fig. 1 A&7z CulnSe L&Y Fig. 2 CulnSe {L&W O Wi
A=k

3. ERHERLEBE

B 1 IZARESNTZEEZD CulnSe {bEaMA > Ty hOA A —T%7RT, CuSe &
n2Ses DERIENL Y, 20D EMEENETN 1L EALETIGIELZ LIZL-
T, 2%F1LD CulnSex (kAWM EERTHZ LN TE D, 22T, 7 v 7 iz EE
IEEMERIENTZT T v— L TEE 21T > 7=, BVLEREZ ORET 7 VNI,
ke LTTF ¥ —Y LT bEMm R 2 < BIETHZ N TE R, ZHUE, &
72< & CwaSe & InoSes 7> 5 CulnSe {LEW DA RGN G BT > 7 VN Toe 2l i
ZoltZtZRLTWD, £, 2 00EWIFEENE, Ak, it BEAZROMHAKT
HoToN, BRRENT CulnSe {LEWA v F v FOFRBEIZIEECIREZA L TW\Wiz, 7=
7L, BEVGRITHETIEHES, BIBTAKICI> TR STEHRREA LTINS,
B1E, CulnSe {b&a#A > ME, @VVEHMEEZ G T D84 7 KRE S OB EE -
THER SN TWD Z &A% 5D,

[X] 2 1% CulnSe {LEMA > T b 4] ——
D L7=REtoRmGg ch 5, I HI CulnSe
Tl 2 I 5700, T3
HFEEHI(H 1000~ 1 3000) % fif > T Fim % HF 0, . |
BEL7-, X2 L0, #EHEICMSZ LR R
EEBIETHZENTE S, ZHUE, CulnSe
L& %G RtE, BIRD S ORGH 2 BFRIRE
FRIZT, ATy FAEIZZERNARD 5% S
Nz L BRLTWD, £72, M7 LA
AMNTFLE LR WERICIZE VA 2 ko E .
TxuaT—nRoi, 43y MRS L
ThDHIEERLTNS, (b) N

A LTz CulnSe A > =y bR @ |
Bt 250D 72912 XRD HIEZIT-> 7, e e et
4 312 XRD A7 hMERT, £ d 10 20 30 40 50 60 70
N2 681, ATy hOFEZE@E L 260(degree)
T, QOO FE TIHICKH AR L, XRD A~
7 MVERIE LT, K 3()D XRD 2-2r  Fig.3 &GStz CulnSe L&Y
X, Alshizibawit, EIZ D XRD A7 kL

Intensity (arb. units)
C

A N "
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2650° , 44.18° , 5233° , 6437° , : : : :
70.78° , 81.26° , 87.41° |ZHiVEIHT v — s
2 EA LTS, £72, (a)~(H)P XRD 2 e
N7 MBI b R e — 27 2K
ZEmn, ATy FORIRT, —HkR
fEmmtEZ AL WA Z ST,

X 4 |Z A% L 7= CulnSe @ XRD A7
Lo NETIRBEIA TS o h nse,
CulnSex 3 £ & HIZ IV 7= CwsSe & b
In2Ses fifpLfth > XRD A2~ kL (JCPDS | ‘l| Il InSe
B — R) %7;~7, CulnSe:fEih?d XRD A '

7 RV 26.63° , 44.29° | 52.45° ‘ oL,
64.40° , 70.65° , 81.25° DEHfr—7

Ak L7z CulnSe {50 b@lIZE S L ,|‘ ‘ B L | (CuanSelulnSeoe
t%@k%m BLTWD, —F, AHF ' '
7e T A R B & L“Cﬁﬁb\ﬁ_ CuwSe X 0 20 40 60 8 100
TnaSes DFEFEAAN S D XRD A7 fL b 20(cegree)
15T\ B, £7-, CulnSe {Latyc Tig 4 CulnSe ® XRD A~7 hb
X CuzaInSe)o.14(In2Ses)o.s6 L DfE fFH & &
SILTWDEN, Bk LIALAWTHICZE 5 LToiIEE EnCunZen v s, CulnSez
ILEMSTER DR EERT D ENTET,

5|2 CulnSe b ¥ DAEEME FBMBEA A —T %27, EEME FBMEA
— U BEBORERRIR E BT BT H &ﬁf%toit,@ﬁ®W@i,$ﬂ
K728 4um (#3000) THIEE S N7-3 BRI & L THELINTH DL Z ENmhoTz,
— 5, B O S B, ST E b 358 EIRED L o 72 o 72 (B15(b)) .
— T, KB FHEBRBIIR RO ZKB LTS Z Ehh, Gl ibay

DRSNS —ThH D Z Ll b2, £ 2T, kR mEN, CulnSe L&MW DR T#A
DHB TSN TND EARE L, E DR E = L — 800 X i (EDS)
LTCu:In:SeDbEFHRIZEZA, In JRFOEIEN 1 BREEDR I, 2
i, EDS OSHTHSEICH KT D EEZ HND,

I CulnSe
| e L2

|‘ | Cu_Se
| | I B L 1y L2,

Intensity (arb.units)

@ i b)

Fig.5 CulnSe {b&¥ D EERE T BB
(a) : EEEFEMEL. (b) : RKETE RS
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4. fEw

CuzSe {LAW & InoSes (L&MW Z HRIFEE LT, AsE /o e T v 7 VZFE L
T2 EAL, £1050 ECTEULEET 5 Z L2k~ T, CulnSe{bEMDEKREIT- T,
AR ST CulnSe (LA A B IEIR 24 L, CulnSex AHLIA DG SEARITBIE S e )
STy AHFFEL YD, CwSe & IneSes 7>5 CulnSex 5T 5 & =, {bFERICHEST
CulnSe: it a AR TE D Z LN o Tz,

25 3k

1) ZEHAN, BlE—, BARERBKEFEEE, Vol.19 (1992) p217.

2) H.Miyake and K. Sugiyama, J. Cryst. Growth 125 (1992) 548-552.

3) H. Miyake, T. Hayashi and K. Sugiyama, J. Cryst. Growth 134 (1993) 174-180.

4) H. Miyake, T. Murata and K. Sugiyama, Inst. Phys. Conf. Ser. 152, Proc. 11th ICTMC,
Salford, (1997)79-82.
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PLDIRIZ LD CZTS B L ¥ —4' v b & DAL DR
Relationship composition ratio with target of CZTS films deposited by PLD method

%k R v BRY b HEk?, E Fostt
1. TEETERTRYPE LPpiseft BB Hm L5
2. REFSLRY: TR 7 - BRI BB Lol
Yuta Goto?, Masahiro Kotanit, Yong-Gu Shim?, Kazuki Wakita®
1. Chiba Institute of Technology, 2. Osaka Prefecture University

Abstract Cu2ZnSnS4 (CZTS) polycrystalline target having a uniform
composition were prepared by solid phase reaction method with CZTS
polycrystal, ZnS, SnS, and S powders. CZTS films were deposited on a
soda-lime glass substrate using the target having Cu-poor, Zn-rich, and S-
rich composition ratio by pulse laser deposition (PLD). We confirmed that
composition control of CZTS polycrystalline target is effective for
improving composition of CZTS thin films.

1. IL®IZ

PUIERFER CupZnSnSs (CZTS) TR LR ICA D IR B L OFEBHE LR L HW R
ZEND, BERIEOEERENZ D, TN FE Y v A3 1.5eV TH Y, K
B EE MR I D B TV 2 e D KEGEMAMELE L TEWRT oy L2 HT
%o —J7, TIWVETOMRIZE W TKREEAEE LT CZTS 12817 5 Atk b=
DHESINTWD Y, i, Fx 1% PLD (Pulse laser deposition)iZ %z W CHERL L 7= /&
VR LY — 12 95D CZTS WA S L7232, BN A8 E % 73 Dkt
KECTHoHETE Dol AENE, ¥ —7 v FOMARLZ TS 572912, CZTS
Lt & ZnS, SnS MR & & HITHTIZ S MKREZRML T, ZfEmE —7 > b & {Fi
Lo 2O —5 v FEHWT, EEAZ/ER LR, Cu/(Zn+Sn)=1.0,Zn/Sn=14
E7p Y, LIRTHRA U7- @t & bl L T Lo Tl 1%,

2. EB
K7 H?%M) CZTS Zfhidh & LT, Cu, Zn, Sn, S ¥y K% Cu:Zn:Sn:S =2:1:1:4 @
(b F Bt TR S LI KBt 2 ERIE L, A B ZEE A& (T o 7214,

RUF % FH LV 950 oc, 96 RFH DBERE 21T > TIER L7z, mIEWER L 72 CZTS yﬁ*aaaﬁ»
A, SEWERL L7 CZTS 245 % B £ 95, I, FHACLLFRFEEOBRIZHTENX CZTS %
fEEh A & ZnS, SnS ¥ K% F\V T Cu/(Zn + Sn) = 0.66, Zn/Sn = 1.18, S/Metal = 1.02 D&
ALRIITEER Y —7 >y D ANBERLLT=, —J7. &A% CZTS £iEsk B & ZnS, SnS
BRI TR LHTZIT S KR ZFM L T Cu/(Zn + Sn) = 0.55, Zn/Sn = 1.19, S/Metal =

235 DIRGHRICTEER Y —7 v b BEER Uiz, 7B U2 il
EIERIE L, AJFEEICEZEE A Lk, BRI A2 MV 400 °C T 1 R ORERE 217
> T CZTS Zfd % —7>7 v N A, B & L7z, CZTS #ETlE, CZTS Zibfm¥ —7 v
B L OYSLG b A BZETF v /X —PNEIZ 3.5 cm O FEEECxfA3 2 & 9 ;)’z“% L., &
Z8F % L N—% 40X 10* Pa LA N ETHER L7, FERIREZ 500 °C IZRE LT,

IV AL —P—INE:YAG L —H% (K :266nm, 7/ /L AR :IOnS)%ﬁﬁb\, 0.5 J/em?
DIV AT F—DE— L% CZTS Zitisa ¥ —7 v MIRE L, SLG E#ik =~CZTS
VR 2 R U 7=, AiEMESRL L 7= CZTS W% A”, A RIfERLL 7= CZTS #iE% B” &4
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Ao VERLU 7= 24552 — 4 > M X OVCZTS T X BREHTRIE, T~ v O%HlE,
FE-SEM |Z X 2 & Hi#1%%, EPMA I X Aot 2 EiE L, FHE21T -7,

3. BMERBLUOER
3.1 FAAKEEFREEIE L5555 D EPMA 12 K AR T

Table I |2t FfEam b ic CTERL L 72 CZTS 455 A, B, FHLAKLLFHEER. CZTS ik~
—4 > N A, B, CZTS #E A”, B”® EPMA OO 4 ~7, miE/ER L7~
CZTS Zitih % — /7~ b Al% Cu/(Zn + Sn) = 0.79, Zn/Sn = 1.04, S/Metal = 0.95 DOFL% L
FRLipoTWER, SEWERLL7- CZTS it ¥ —7~7 > k B*TlL, CZTS Z#5dh B &
ZnS R, SnS MyRIZINZ, #H7-IZ SHIRZBINES L7#ESE, Cu/(Zn + Sn) = 0.57,
Zn/Sn = 1.1, S/Metal = 1.38 £ 72V, Cu-poor, Zn-rich, S-rich TH 5 L& ¥ —7 v FD
TERUC R Eh LT,

Table | Atomic percentage and ratios for metallic elements of the bulk CZTS poly-crystals and
thin-films using EPMA measurements.

Cu Zn Sn S
Sample [at.%] [at.%] [at.%] [at. %] - —
CZTS A 26.1 13.2 10.0 50.6 1.12 1.32 1.03
CZTS TargetA> 226 14.6 14.1 48.8 0.79 1.04 0.95
CZTS Film A 316 14.1 13.6 407 1.14 1.04 0.69
Cu Zn Sn S
Sample [at.%] [at.%] [at.%] [at.%] - —
CZTS B 27.1 135 10.5 498 1.13 1.29 0.98
CZTS Target B’ 16.2 15.5 12.8 55.5 0.57 11 1.38
CZTS Film B” 26.4 15.6 10.8 472 1.00 1.44 0.89
3.2 CZTS ¥

3.2.1 XRD I EZ L % BARYE D AT

CZTS i A”, B”?®D XRD N¥ — NIMATr AT 74~ CZTS ©— 27 (ICDD
Data:00-026-0575)% Fig.1 12759, XRD OfE 6, CZTS K A~ Tld SnS (2K 7
% 7734 — K> Unknown O &' — 7 3RS S L7278, CZTS 5 B IZEB W TIEE
ST B IR I NT, CZTS OFEIT\Z — U ZiER LT, ZO/MRND, Hiic
IS BIREZTRMUTER L2 NY —7 y b2 AW TER L7 CZTS #iE B0 )
MBEAAME DBGEDHLIND Z LD, SRS —7 v MW CTHRAE S 2 fil4# 4
HZEIZEY, BEICBTA2HEMAMEOUETEHZ ERbhoT,
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vSnSYUnknown

Log(Intensity) (arb. unit)

CuwZn$ns,

JCPDS # 00-026-0575 ;- i
Kesterite CiyZnSnS,: - -

Thin fim A"

20 40 60
2 0 (degree)

80

Fig.1 XRD patterns of CZTS thin-films.

322 T~ o RIENIEC X D EAAWE O fEHT

Figure 2 |2 CZTS #E A, B> D 7 ~ U IEE DR RAamd, T~ AT L
DOFER/NS, CZTS HE A”TiE SnS(189 ecm™)D v — 7 ZBLHI L7273, A EWERLL7-
CZTS 5 B> Tl SnS 72 & D H . » 7= AR I S 477, CZTS(339 em D[]/ 4%
— AR LT Y, XRD JIEIC L DGR L RIS, 7~ U BELORRICB N TH
IS HIRERMUCTER L2802 —7 v b BZHWTER L7 CZTS #HiEE B

DI PEIAWE DUENHFOND T Lol

‘ Hexagonal Cu , xS

!

Orthorhombic SnS

Cubic ZnS

Cubic CUZSnS3

!
P11
I

Tetragonal Cu,SnS,

Cu,ZnSnS 4
T T

532nm
7.5mW
300K

 Thin film A"

 Thin film B"

Intensity (arb. unit)

100 200 300 400

500 600

Raman Shift (cm '1)
Fig.2 Raman spectrum of CZTS thin-films®.

323 EPMA IZ X DTl L O FEm~ vy B 7

Table I 2> 64 [EIWERL L 721K B 1235 1) ALK LRI Cu/(Zn + Sn) = 1.00, Zn/Sn =

_29-
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1.44,8/(Cu+Zn+Sn)=0.69 & 72 >7=Z Lnh, RiEIVERL L 7= A” & el L C, Zn,
S ODEFEDOHN, Cu DEH EOWDDIHER S A, RO IS ED B b,
F 72, CZTS [ B”® EPMA #1112 X % Cu, Zn, Sn, SR 7D~ v B2 FHEEN B/
DY — M3 R & e (Fig. 3),

Thin film B”

Fig.3 Element mappings of EPMA on CZTS thin-film.

3.2.4 FE-SEM {4152
Figure 4 |2 CZTS K B” O i L OWrifi FE-SEM B %4 7~7, 4 [EIHERE L 72 CZTS
DR X134 0.2-0.3 pm T D L FEB L7z,

Surface Cross-section

% Film thickness : 0.3um
11kV X 30.0k 10kV X 30.0k
Fig.4 Surface and cross-section of CZTS thin-films.

4. 5

CZTS ZfEdh & ZnS, SnS My K721 T2 <, SHEKRZRML CTEiEmY —7 v b &AE
LRGSR, Cu/(Zn + Sn) = 0.57, Zn/Sn = 1.1, S/Metal= 1.38 & 72 ¥ Cu-poor, Zn-rich, S-
rich DL Z G T 2 ZREmOIERIZ S LTc, £ 0% —5 > FEHWTHERRE
L7z CZTS W W TIX Zn, S OEFHENEIML Cu OEF&EITEAD L, HEOHM
L DN BTz, F 72 CZTS HiEO X MREHE L OT ~ U EELAIEIC L D SnS
R EDHN TR SN2 T,

BEE ARWFZED —ER I SCRME AN KRS ORI FE BRI i R 2 (2% 25 4-~29
HFE No. S1311004) DX =) THM S L7,

BEHER

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

2) M. Kotani, et al., Phys. Status solidi C, 14, 1600212 (2017).

3) S. Das, R. M. Krishna, S. Ma, K. C. Mandal, Journal of Crystal Growth 381, 148-152 (2013).
4) P. A. Fernandes, P. M. P. Salome, A. F. Da Cunha, J. Alloys Compds. 509, 7600-7606 (2011).
5) B. Shin, et al., Prog. Photovolt: Res. Appl. 21 72 (2013).
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KEEEAA~DIGAIZMEIT 72 Cu,ZnSnS, 23V 7 F& dt Dt EEE

Characterization of Cu,ZnSnS, bulk crystals for the photovoltaic application

PR RN KBRS, s ERESY, mAME L TN RS
HFU ket R B0 B TEA Y, R At
1. [ESZE S - 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.

1 FUwic ] /
CuZnSnS, IZKBFEIMOSEIIUE & LT E 00] 100 200/ 300

fciti 724 1.5eV OFEHIHIE 2 oM L S g

ECHBABERI S LTI S AT S

B —H. 2L TREERICOWTIE, (BFER 2 -2.0] Voltage [mV]

H Chemical Vapor Transport : CVT) & ]

ER . THME (Traveling Heater Method) . o -3.07

&~ 7 X~ fEkE (Spark Plasma Sinterin 8 0]

9:SPS) EHCIEBL L 7= b 2 b D D 7

LN EEVERN, Fo. RTHEETIE 7]

BEIAET DR THREN D0, FigL J-V curve of a

Foald, N7 E RO TORG RIS S AI/iTO/CdS/CuZZnSnS4/Au solar cell

HEMUNDH D EEZTND,

Fig.1 1Z. F&x 233 1E L 7= Al/ITO/CAS/Cu,ZnSnS4/Au 11D YRS T (AM 1.5G) @
E-BIERECTH D, BIMBENIEFIT/NNI W, CdS & DOEEAEK TR DOIRRESE (2
HLRIERSH D L EZ HNDHH, JEE 500~700um @ Cu,ZnSnS, 73V 7 fik i O M7 K
XSG LTWAZ ERMEEEIND, F 2 TAR TIZ. EDS DT, B X #ilE
1} O Rietveld 512 & 2 #2003 E M. 7 4 b I x vt 2 (PL) 12X 205093
filfi, HEPTRME K OB — /L BB X D ERARHE &2, A —#BHIx LG Lz
WRAMET S, £, HULAEW TH S CuGaS, TILmi i R T AL IC L v #E
PURMERT 25 2 EAMEPTEN TS Z &2 e | RS PRI & 3 7,

2. EBFE

CuZnSnS, 7N /L 7 fifllix, SPS {ETERL L 7=, SPS AL, HIZEM B KA B
FEEH L, EZEHCHNE L lmEMBEIT O fEmfFRETh D, —RKICEET v R LS
nNTEL, ZREENEOND, HREMENTIT, IREhE CYERL L 72 CupZnSnS, ¥y K & ff
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L7, 2 :1: 1 TH&EL7 Cu(dN), Zn (5N), Sn (5N)» & {ERL L 7= Cu-Zn-Sn

A L L ERRILE O S (BN) Z I8l U TR 7oAl ik 2 B U ORifR 45um DL IZHEE X 7,
A 10Pa LL R T 700°C, 60MPa, fRFFRFE 10min. THERS L7-, 156072/ L7 ikl
ZEIH0.5mm O = NRIZEIY L, BIEE 0.3um E THFEE L 72,

MK P EWIRT,. CuZnSnS, 7 = L KK RE LB 5 DI+ BOh
BEAET T NVNICEZEE AL, 550°C, 10 BEf C1T - 72, SR A2 MR T D201, 7F
% OFEHZR USf CEZERELBE 2 i L, Hig L7,

FA Y HTIZ EDS TFTV, 5 ORERE R E2FH LT,

3R XRD HI7E 113 CuKa B2 L7z

(U HZ7 Miniflex), FT ( £
R CHIEHPH 10°=260 =140°, scanning
step 0.01°& L CTHIE L=, fFO6NTMmEK
XRD /3 F — ATk LT, fERAH D E &5
Wrz1T o7z, fEdmiiEE T VI L7,
ordered!” ® % 7- 1% disordered kesterite!® &
TV Fig2 IR d, ZOMIZEMEE LT
Bz OND, ANKEmo custt™ ST o
zZnSt | E o snsMlafl L7,

PLIX., 7> 7 (467nm) Z bk & LT

Fig.2 Crystal structure model of kesterite.:
(left) ordered kesterite (14)1"®;
(right) disordered kesterite (142m) %,

4a0f—m-----F-----t-----t 3
HE LT, I 344 |
HHURIT, REHE THIE L=, £72. Van [ ®
der Pauw JEIZ L B AR — VB RBIED S KBT o 30T ]
ROXy U TEE, A—ABBELNE L, | ]
% 2011810 oo __ -
3. BRRUEBE e [° ]
(&)

EDS fHB T OFE R % Fig.3 1T, HHAK [ ]
IT—KETH 7278, X0 S-poor ThH -7, Lp------- oot .
3K XRD /3% — % Fig.4 |27, 112 [A] [ :
Fre—zicfREEIND 3 MBI A, IEJ7 5 ol . . L

. o Cu Zn Sn S
O kesterite #7470 101 X 108 Al &' — 7 & ffe Fig.3 Composition ratio of the
B SAV72, unknown O E— 7 3 EL AL D D3 Cu,ZnSnS, bulk crystal.
BRI E THII,
— 1000 ———
6000 i
112
‘§4ooo— . % (2)82/ -
2 112 2 500} 4
£ 204 £ 101 ]
2000 I 1 % unknownt ;43 unknown
b 312 I u“
1Al | il
- E— T E— 303

20[deg.] 20[deg]
Fig.4 Powder XRD pattern of the Cu,ZnSnS, crystal :
(left) 10°=260 =140° ; (right) 17°=26 =35°.
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Table.1 Results of Rietveld refinement using (a) the ordered or
(b) the disordered kesterite model with three secondary phase models.

R p pr Rexp

S CZTS ZnS SnS CusS

(a) ordered (|21) 6.63 8.91 5.45
(b) disordered (142m) | 6.59  8.83 5.5

1.634 100 0.00 0.00 0.00
1.620 | 99.23 0.00 0.00 0.00

iR O EES T O 5% Table.1 12777,

(@) I3 ordered (14), (b) X disordered (142m)
ERIAD 4 T N E RO TBITERTH
%o WT LY, CupZnSnS, D 1T 98vol.%
I bEZRLTWD,
PL A~ kL% Fig5 IZ/~”7, 1.25eV ff
W — 7 2 EF o7 1 — R7RRNDHERR
X7z, CuZnSnS, HEETIX. MR+
DI L BT 787 % L ZnY A bDCuz,
IZ X5 R —[MD DA T FEEHN 1.27eV 1+
ETHEShTHAM —F Fx otk
Tld. 1.25eV 13T D F 6 13 05 25 P & P B
WLVERIE T LT-, & BICEZEhELERZ L
FIE[FE UALEIC B — 7 O30
HIEL L7,
BHR, v U TEE LR — VBB E
% Fig.6 & Fig.7 (27, HPURIImIE IR
R[PELERIZ L > TIHNEE WA L, 2D
B OBEZEPESLBRIC L 5T 1
PORREtE & A — L h B E T O RIE RS
ROZERITIZEALLER BN, BULER]
100 B Tho7=F v U T EEIL, HdE
l;¢ﬁmﬁ EoT10° BT ML, &
ze hBVILERT% 107 B2 LT, A— %
BHEE |, ALBERT T 10T A &R TRV, F
7o BULBZ LA RE 2 A ohven
of:o
PL&%%%&U$~»@%%E@%%
BN S ZEILO G E R LTV,
CulnSz“C X, SZEFALIZ R —% kT 5 &
EnaM EHE T, AR S AL
PIZE > TS ZEIANHE LT R F—DA
A AL THRT D ELNEY . O HEF
¥ U 7B L CHRPTRAMER L -
k%ié ZLENTE D, FREEHEAETIX
Z2 LA E %W@Tﬁﬁﬁ% 0.7eV., 972
b%@%m@ E g N A R L
% LRI B 2 203 48] 0D SR B A 7
T5HZ EIXTER,
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Wavelength [nm]
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L B | T T T T T
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15K
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annealing

1.25eV ! Xe
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J\After S-annealing
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L L 1 L L
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Fig.5 PL spectra of the Cu,ZnSnS, bulk crystal.

—=4A— four point probe method
—<— Hall effect mesurement

=

(=)
N

T

5.04 ]

[ 1.08 434 1
10°F A E
[ 0.75

Resistivity[Qcm]

0.15

10 0.15 3

1 1 1
Before annealing ~ After S-annealing Afteranneallng

vacuum
Fig.6 Resistivities of the CUZZnSnS4 bulk crystal.
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£ 1>
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> f L
2 J10° 2
© 1 g

= -1
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] [ —&— carrier densty ] =
O 106 oo —O— Hall mobility [ E 102 T
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| ]

L 1 1
Before annealing After S-annealing ~ After annealing
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Fig.7 Effect of annealings on the carrier density and
the Hall mobility of a Cu,ZnSnS, bulk crystal.
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Fx DIMERLL 72 CuaZnSnSy i dia D A8 — VRS B FE | TR 6D TRV, K% % Cu-poor,
Zn-tich L 75 2 L THR—ABEENEL ol e W OBENRNH L = Lt 5%
ML ARSI LW EE X TS,

4. &

CupZnSnSy 7V 7 fiEdh A . SPSIETIERIL 72,

3R XRD /% — 2 L0 IEH SRS E L TV D Z & 2R LTz, £ 7-. kesterite
DOfE ST T L & CuS, ZnS, SnS D 4 EF L& L7z ) — h~UL MEIC K Db
FHOEESHTIZ L - T, B D CupZnSnS, i futa 23 98vol.% LA T D = & 2R L
776

PL 222 FIZIE, 1.25eV AHEICE— 2 o7 n— RAREAR SN, =
DIFRFEIIMEF KPP BULEIZ L > TR L, S HICEZEPALEZICHEERR L,
— 77 . EHURIIRE S PR P BRI Lo TR L, B2 AL > THIN L
Too —/VISENE 136D TN - 72,

HiEE

KGO —F L =4 Y — )VFHRLEFE & N H = 3L — R R LT O A9
Bz L » TiThiviz, SEM-EDS & ¥yok X #REHr OBE L, 5 g B hig It m 7 -
) =TI T2,
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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.

1. XU ®HIZ

CuzSnSs (CTS)Ix A L F & 5 F T HWIERE D 10°em™ LLETH 570 & HEBKE
BRI E & Ul L2 > T s, Ll Ny FEy v 7o 2 L¥F—|3
0.92-1.02eVIITH Y | HWIVBIZE L= 0 ¥ v v 7LD H/hE0, CTS D Sn D
— ¥R % Si (T X A 72 CuSnixSixSs (CTSIS)H K TH T
—130.92-256eV 720 x=066 ThHs & EHEAREEME L TRER NV
Xy v 7T F— 15V £ 5 2 ENboTWAHEL CTSIS FREITHAIE, A3y
HIER L OREECTERRERN NS B, Ll Ay ZEB I OEREETESE o
T ADTDEAMZ 72D RF < R AFE O BRSO R EAEFEIZIZND TN U,
Z ZCAMETIIIEELE T 0 A TH HIWIREAMIEIZ LV, CTSIS HiFE A2 222 5
Tt ATERIT 5 Z LA HICER AT o7,

2. EBRFE

Cu, Sn, Si ZHFAFEEREHNT, B ElcAvra— MEZX D BMA L, W
SHHZLEEBUKELTCTSI 7V —V2ER LT, (B L7V h—% %, #iifk
KFEZE TR T CMEVLEE-9 % = & T CTSIS #EisEAER U7z, M L7z i
Mo/ AR CThH D, 7. WHE & LT Cu FUTHE(LFID)(99.9% mffiE(L=), Sn i
LA XAV) (99.9% EHELT), SiTRE LTRY IR T U(HAD—R )%
fEH U7z, fEH Uik, b bY b X TH D, (ALK RIEL Cu:Sn:
Si=1:1/3:213 TH 5, EFR LT-IBKA A a— MEC K W HERICEA L, 180°CT
RERHHBEESED, ZOTRERABEVIRL, REZECLTE CTSI 7'V I —H 2R L
Too ERLL7270 1—H% 250°C T, No FBFHRTCTTr=— L, D% HS & AT
FPHA T, 500°C T 10 - 20 min, 780 - 810°CC 2 - 5 min JIEULE4 2 = & T CTSiS ¥
CINEER LT, (ERLLT=Y T L O EEE %2 XRD & T~ ik E W CRE
L7z, F£7o. MO HT A2 EPMA, fEsshiaHiids L OUHE~ v B 7% SEM B LD
EDX Z FHVNTEEff L 7=,
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3. BEBIOER

cTS
(-221)

CTS CTs  CT8 CTs CTs

Mo, 200) “3 ) (133) (333)  (262) (135 F#Hi .
S Qus cus cuss,| cus, 500 °C 204—800 °C 24> Bl .
Sk o) | 500 °C 1543 —800 °C 24} =
= ‘ | 500 °C 104)—810 °C 5% 3 |
|5 N 500 °C 104800 °C 5% £ U B I
£ ;1 500 °C 109790 °C 5% =
N : 500 °C 104 —780 °C 5% &) DRI o -
- ~— PDFCu,SiS; #00-019-0404 £ .
5 L ' PDF Cu,SnS; #01-070-6338 S '
= —— —— r . . - S — ! : - . . .
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 270 275 280 285 290 295 30.0
Diffraction angle, 28/deg Diffraction angle, 28/deg

Fig. 1. XRD OBHIFER (F: CTS A A v B —2 OJLKIX])

me1K¢%Ltﬁv7mﬂan%%#o#NT@#yfw*xwfcm@e
— I NEN TS, CTS DAL E— 7 IR L THATHDL L, 500°CIZEB T 5 IREF
FERIZ2S 10 min KV RWEZIZCTS DAL L E—27 137 FLTWRY, 2L CTS
DEICTERITEREINTLEIE SN N Si Tk TEBENWVWZ LA RL TV,
Z D=8, 500°CIZ 1T DAEFHER I 10 min LANICIND 5 Z & A3 CTSIS R I BT
HETHDH EEZTVD, 500°CIZI T 5 RFFRFE 2 10 min |2 L C 780 - 810°C TlN#Ek
@ﬁbt%yfwiwﬁn%cm@t 7Ny 7 kL. CTSIS & —# R LTz,

DFERAN D CTSIS DFEAIZ I 800°CHFUT D iR L 2 MBVLEE N ML T 5 = L2
75>o710 LWL E, BENRELGET IO, ZORMERET 720D
SMEOHBRFDNLETH D, £7-. T180°CTIERIL 72V AN KL E—27 N 7 b
LTED ., BELEED S CuSnesSiosSs TH D AIREMENRH D T-0., ZDOH 7LD
PEFA 21T > 72, Figure 212 780°CTHERI L7 I ND T~ L AT MV EIRT,

A =532 nm MoS,
ly=1.5mW 408 cm

Intensity [a.u.]

100 150 200 250 300 350 400 450 500 550 600
Raman shift [cm-]

Fig. 2. 780°C TYEBL L 724 o 7LD T ~ 43 W1 X 2 BLHIRS -
XRD T#LH X217~ Monoclinic CTS, MoS,, CuS Dt — 7 Z i L=, L L72N

5., CTSOA A v E— 7T%53%mriﬁﬂéhﬁﬂoto
SN SIICEMEINTEEIZCTS DAL o E— 7 1 3mEEMicy 7 h 45, L,
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MoS; D& — 7 iR HHTWA 7=, L 7= faEME2 H 5, Table 1 12 780°C CYERY

L7eh 7 vd EPMA IZ X B EM ST ORE R A, Table 2 IZEE ST OREREZ 20
SEH UM 2R,

Table 1. TEM:HT D H

WT(%) Mol(%)
S 31.1 27.2
Si 26.6 26.6
0] 17.2 30.2
Cu 15.9 7.0
Sn 6.0 1.4
C 3.2 7.6

Table 2. EE/HTOREE &ML
Cu(%) Sn(%) Si(%) S(%) Cu/(Sn+Si) Si/(Sn+Si) S/metal
12.2 4.0 274 565 0.4 0.9 1.3

TR AVERLF DA AR I Cu: Sn: Si=1.00:0.33:0.67 TH D DITHf L, INEVILER
#I1ECu:Sn:Si=1.00:033:225 Th-o7=, ZOREMNS, Cu & Sn NKRIEIZH 7
WHNBIRIT TS Z L5, Sn O ITITINBVLELRHZ 31T 5 Sn ifb4 DOTE Ak
EXIUTHESD ZRBIC L VBB TE S, Cu A =ICBE L TR LiconEz
bino TV, %% Si GHEZMADT-ODMARMROREL 21T > T <
VN H D, Fio, B Sz CuzSnosSiosSs & Si OFALLIZRELS TN TWVWD, =
MITSIiNSn EEHEINT SIHAL LTEZELTVSD, b LITORC AL,
TEILT 7 AR SI0 R SIC ZE L CWARHEMNH D720 THhH EEZ TV 5D,
H L, SIO TR > TWEH Si-0 B DL F—TREWTD, DEEREEL <. Sn
IZE# SN2 D AR & 5,

Figure 3 (24 > 7 /L SEM (2 X 5 Kk EEOBHAE &2 ~7,

600 nm
Fig. 3. SEM (T & % itk O @LHIRE R

R OBPFER NS Y TP ORLF- ORI 81-389nm THDH Z Lo
oo LOLARRDL, ZORENBIIRE SO DR CTS ThDHDH CTSIS T
HDHOMPEMTHDONHBIT L Z 1T TERY, EFEEO EPMA OFE RS Si B X
WNC & ODHAR EBMBDYIEND D=, EDXIZ XKDV v 7V Fim M OWriE o ot
BT RMETHDH, SEIIME O T A AF Y AL D TE Y v BT O
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RAIZOWTHET 5, Figure 4 (2 EDX IZ L 2 Wi OBLAGE R & o~ v B o 7 OfER

AN

1um

: ..-
1pm

1um
R
Fig. 4. EDX (2 K D Wrii OBLAFE R & i~ v 7 7 OfER

1um

Figure 4 |2 /R IR > 7 T B b L Qe IR B o B IXE 810 nm, T B

IZ#) 425 nm Toh o7, Cu & Sn, Si ITEREIRIZHOZ>THML TV, L7
75>i5 Cu, Sn DB —71355< . Mo JMJE DEl oy & FIRREDOE SR T\ eho7-7=

O, ZOERFERS Cu & SN DA OV TUIIE LWHEREZ 1S D Z E N TE 7o
720 SUICBALTIX Si 23 Cu, Sn IR TEEDES HHTEY . EPMA OFfER A HET
HILEMTEDLER o7, £72C & OIIE EHDO FITELIFEL TV, 21
BN Si EARBIZHEA L TWVDENE I DELEMRTE TR, LrLaRGL, KIZ
Si L{bAW Lo TWBDRBIX, REIIE L HFIET D2, MEBLBESAT O fidb
WXLV Si EDILEMETEIRT DHIORENAEETHDH EEZX TS, £-, EHET
EBIT YW MoS, ZTER L TV D B X TWED, SIi BFELTWASZ L85 Mo - Si
LA BB L TS AREM S 3 5, MoSia & W o 72 B — 27 NEIL TV RNz, &
DEIIRIRREL 2o TV DDA LV FEMZ2 0T A2 L T BERH D,

4. £+

ARWFFETlE CTSi I % W T2 IREBATET NS, HS & & e RS I T B
BULBEIZ LV CTSIS A /ER L, &M 21T > 72, ZOfE%. 500°CT 10 min £&
F¥1% 780 - 810°CT 5 min &85 5 Z & T, CaSnosSioaSs & HEHITX B4 7 /L & {ERL
T&ET2, LLERS, 2OV AHIFEENEZFELTBY, £/, C L0
W T HZE ENTW e, 2D OFTEN CTSIS B EDHFR TH D &5 %
Too SHBOBEE LT, MEVLELE OO T IV, BFHOFIE L D A B, IIEL
SMEOBEMRFNPMLETHY -, SiNED L 5 R THEEPICIEE L TWAD DM
TR E . MEOHT 21T > CTWK BERH D Z &R booT-,

e
ABFFE D —FRITMA B A H AR BUY H O Bhpk & 32 1 72 b D T,
BE W

1) Naoya Aihara et al., Appl. Phys. Letters 108, 092107 (2016).
2) Kotoba Toyonaga and Hideaki Araki, Jpn. Phys. Status Solidi C 12, No. 6, 753-756 (2015).
3) YAN Chang et al., CHIN. PHYS. LETT. \ol. 28, No. 10, 108801 (2011).
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ok T BARIEIC £ B Cu-Sn-Si-S DO /ER
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 grow
Cu-Sn-Si-S(CTSIiS) thin films. The thin films were then evaluated by
XRD, EPMA and SEM.

Uiz

‘fﬁf LB KBy E M Tl CulnixGaxSez (CIGS) & CdTe R L fEENTW5, L
L, BARRIZEWNT In & GalifffEEmnbial, CdITFHmThD, €I T, K=
A B 42473 CuSmxSixSs (CTSIS) KEHEMICHEH L1z, CTSIS D2/ KXy »

1L Si BEEATETH 2L T 09~26 eVHADHIFATHZETH S &l En T
L2 EMBRGEMOWINE L L TSHTE 2 MEEENE, ZTRNETEIA N TH
HANy B T EEZEEZE T CTSIS O /ERER T 13 < 90D D23, ABFE Tl
FEET vt A Th DML BRI LV, CTSIS HE A I 2l CrER-T 5 Z &
EHME L TEREZIT- 2,

2. EBRFE

FR BB R 2840 L, BV L C CTSi 7V h—HV—Z2/ER L 7=%., &iET
Witk FE 2GR MR T Tk 5 Z &2k Y CTSIS #EiFEA/ERL L 7=, FHicix Mo/
FHFEN A AT, JRREE LR 1 um @ Cu B3R, Kifg 5 um @ Si & Sn R % H
W=, B 7L CTSIS 1. CTSiS 2. CTSiS 3 @ Cu:Sn:Si flhiAL &4 Fh Fh 1:1:2,
1:2:1 & 122 & Lz, BMELEMKRET VI FTHST 1B L-%, 2— 7 o
=N IO N T =T OREGFICAIL, RESMM O /L a =T OR—/L L L HITAR
— L VS THRE L=, BfE 300 rpm. 30 0% 12 Ml VR LTz, Db LK%
B H L, =B REELT-DICHORT VI T T LT~ &I, 5cc D
MK%Z3m o kY kr X-100, 5 mI DRIKERED Z L T2—2 M&{ERI L, Fig. 1
DENTHEBICEAA LT, HHLET—7DESIL 55 um TH D, @i L= %
N2 Z5H 5 H T 250 6 REIMNE L 7= (FHR 5°C157), 1ERL7=7") 1 —W % Fig. 2
DX IThfb s, BEAZER L, (ERL72#EEEL XRD, EPMA, SEM 35 X UMK
BOSCEHZ o TR L 7=,

RERER Ak g5y H,S10% |
) 10°C/sec i RS E R SRbbb
T—7 ¢
T Quenched | | ==-=£ 4 /70»
300 naturally 31 cem 53y sFE—F
200'-,.., — > 62 cm
30 m 25m Time «
Fig. 1 Paste daubing Fig. 2 Sulfurization and the muffle for sulfurizing
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3 MRBLUEE
3.1. XRD
Fig. 3 (2% 7LD XRD /R,

|
CTSiS_1| | &; /b
M i WL“JW et ™t el
CTSis2 | e |
e cTsis 3 | ¢,
WP SR TR N * !

| - |...|.......|. .|1. | P | | ]

|y L L

10 20 30 40 50 60 70 80 27 29 31 56 58 60
Diffraction angle 20 [deg]

#SnS, 00-023-0677  @SnS 00-039-0354
—Cu,SnS; 00-027-0198 —Cu,SiS, 00-019-0404 *CTSiS peak

Intensity [a.u.]

Fig. 3 XRD results of the samples

Fig. 312 L W WD H 7T CuaSiSs (CSIS) D E— 7 NHLID Z &3 53h-o
7oo #FIZCTSIS_ 1 TILCSISDE—7 NI b RE M oTe, ZHUIH 7o Si DA
HEDPMMOYF TN R TRLZNWEHEZEZ TS, £, EOoV 7L TH
SnSz & SNS NEEL TTE TRV, £D®, Sn NIV AL LT CTSIS BIEA S
T CSIS W STz B ZTWn5D, CTSIS 31ESn b Si b EH EAL =D Sn DY
DRI Z B CTSIS WERA ST EB X TND

3.2. SEM
Fig. 4 lIZY > 7V o3 & Wik 25,

= =

Spm

B339317 15.08kV XS.B ,Uum

HIREWR 50 pm

B3932Z2 S Tk V X600 L:i.,.um

Fig. 4 Surface and cross section of samples

Fig. 4 £V, EESE um BE ORI TSN TS Z bbb, Wmz i b &
FREJE /3 56 pm~77 um TH YV, XWIE L L THWAIZIFET D Z EnbhroTz,
LSBILS HITENT — 7 E AW TR 2 0818 H 5,
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3.3. EPMA
Table 1 |24V > 7 VO 2 7m T,
Table 1 EPMA results

Sample (Or%‘ilgir:riio) Cul(sn+i) | il(smSi) | Simetal | o ;%;TI% ratio)
CTSiS 1| 1:1:2 0441 | 0953 |0331| 1:011:2:32
cTsis 2 | 1:2:1 0782 | 0767 |o0484| 1:031:1.04
cTsis 3| 1:2:2 0133 | 0789 |0380| 1:159:595

Table 1 X 0 & 7 DOMNEGE ORI MARE R & 1T B 72> TR Y . FRC
Sn G A EIL 73%~91%E > TW\WA Z LR bhoi-, 5% Sn DR 2z 5 FIEORK
BORVETH D,

34. XV FXy v/
B TN OISR ZRE L, (0hv)? 7 ay 2TV RE¥ v v 72 B -
7. Fig.5 IZZDFERZETRT,

140 -

120 A

100 -

80 -

(ahv)*a.u.]

60 - V

40 -

20 ~

0 T

05 07 09 1.1 1.3 1.5 1.7 1.9 21 23 25
Photon energy [eV]

Fig. 5 Band gap of each sample

A AE: Cu:Sn:Si=1:1:2, 1:2:1. 1:2:2 ODFRABHIXT LT, N RE ¥ v 71X 1.59 eV,
1.02eV & 1.49eV L 72 o7-, 1.59eV. 1.49eV O/ KXy v Fi3ocukl & L [mkg L
VAR Y

4, &9

XRD #55R &L U CTSIS 2 ZLERN R SN2 L3~ 7-, EPMA JIERF &
V. Sn DEHEITE - TWDZ LN h-7T-, SEM g L 0 BEENE < Fifld/h &
VRN DI S IV TN D Z e bholz, Ny Ry o TEHERME LV . KEGEIC
BN RE Yy v 7 14~15eVIURFERTE 5 2 L 2R L,
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BZ R
[1] K. Toyonaga and H. Araki, Phys. Status Solidi C 12, No. 6, 753-756 (2015).
[2] R.Chenand C. Persso, Phys. Status Solidi B 254, No. 6, 1700111 (2017).
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VIV NARRIGEEIZ & B Cu,Sny,Ge,S; EIE D /ERIE DR Et

Study on fabrication method of Cu,Sn;xGeySs thin film by sol-gel sulfurization method

A 28, mf A2
UL A IIE R SN &
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
Cu,Sn;.xGe,S3(CTGS) thin films by sol-gel sulfurization method was
investigated. Precursors were deposited by spin coating of Cu, Sn and
Ge containing solution. The precursors were sulfurized at H,S(3%)+N;
atmosphere. XRD analysis of the samples showed shifting CTS peaks.

1. IXL®IT

Cu,SnS3(CTS) i i K b5 FE L 13 22 2> > BE ISAAET 2 e TR S L Tl 0 T4
BLAEE > T 5. £, CTSIC Ge ZURHI L 72 F4#{K T 5 Cu;Sny.,Ge,S3(CTGS)
FZOWRMEXICE > TN R¥ v v 7% 086705 1.53eV E THMTX 25 2 LA
EERTWS. D E5iT, ERIUEEDS  em? ThH D Z L2 KB EMO LIS
I LTWD. UL, KREAPEIZHE LI-EREAMIC L D CTGS OFI T E 723
SRTOARY. 22T, AR T CTGS Ml Y L/ LRHLIEIC & 5 (EREO fE
T 0.

2. FEBRFHE

Yo FNTHT T A EM I Cu, Sn, Ge AR & @A t%, WAk L TIERLL 7-.

Cu, Sn, Ge J&#Z1% Cu, Sn 18R & Ge IRk ZIRA L CIERL L 7=. Cu, Sn {&WRIZHERA SR
(1 KFn)F KO AL & (5 KF) & = iR, SR E L7, Ge imikIxEs L7
N~=U L% Ge L L. 2 WREZBRGRIIS=H ) — VT IR0 TRk %
VERL U 7=, F£72, BWURO Cu:Sn:Ge khix2:1:1 & L7-.

R THDLHTT RISLG(Y —H T4 L7 T A EFHAL, Avra— M MEIZE-T
WA 24T - 7-. §HE 100°C 38 L O 200°C O —BEPECiT o 7=,

WAL L KB R R T (HS = 3%, N = 97%) TiT-72. fifkid 2 BEpE <17V, 1
BYPE H IR L — b 10°C/min, ARAKIEEE 200°C, {RFFEEM 1h TiT-o7-. ZBPERIX
450°C 75 600°C £ TD 4 /XX — 2 T, Hil L — b 600°C/min, FiILIEE 450, 500,
550, 600°C, fREFFEFH 0 sec TITo7-.

fER SN/ Y 7L, H-XRD (2 TEERE O CTGS - D Z R Z 7l L, EPMA
IZTCHAR LM ORI 27, HiEHHEIC TREERIZE T 5 CTGS DK
DFHERB L O FX vy v 7ORH AT 72,

3. BRBIUEE
3.1 H-XRD

Figure 3.1 (a)F £ ONb) I L 7= H-XRD O fE R 27~k 3°. &2 T DY > 7 LT CTS(200)
MOEAERTH D CGCS Iz y 7 LB —7 BRI S=. £7=FEEIZ CTS
DHF 2, FIE—7 bEAFEMA~ALRLY 7 FL TV, b0 — 7 I LIRE N
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EUVMZ E CGS i~ 7 FENRE - T-.

o, TR EREREWVIEE/NS LS o T,
IRIZE Y7 FEBREIWI D, EIRIEE Ge M kITTWD EHERIL TV 5.
E5IT, Y7 FENB022THHDT, CHRD L DI OMER, £EHS TIEx=02T
HDHEHEH L TS, 600°C DY T ILTIE 29.2°010 /NS B — 7 IS L 2, EDSR N G
CGS HLIE EN T WD EHERI L Tu 5. 500°C LA EDRAVIEE Tlik CuS @ v — 27 23/
L7 TWVWDHZ ED, 500°C LA ETIE CuS BRBREINLTWND EHERIL TV 5.

F72, 31.9°B K 329°TCuS DE— 7 )

CuS CusS
CTS(200) CGS(200) ‘
[] [] ‘

—450C 2 I —450°C

—s00°c =] —500°C

—s50°C £ —550°C

i —600°C &1 —600°C
A . £

5

. =

Cu,GeS3_#01-088-0827 |

| Cu,GeS3_#01-088-0827

| CuzSnS;_#01-070-6338 Cu,SnS;_#01-070-6338
] L )

10 20 30 40 50 60 70 80 25 30 35
Diffraction Angle, 260 (deg.) Diffraction Angle, 20 (deg.)

Fig. 3.1 (a) H-XRD peaks from 10 to 80
degree at several temperatures.

Fig. 3.1 (b) H-XRD peaks from 25 to 35
degree at several temperatures.

32 FHAEH

Figure 3.2 (QIZEMMBIREICE T 2 FmEE X OIS AT MV ZRT . FidbIERE D
%ﬁ&ﬁyfwﬁaéﬁ$ﬁ@<ﬁ%4ﬂﬁ<,it,%ﬁ@@ﬁ%%%tot.
450°C THIfL L7=H > 7 Cix, BmREMEL, BRI E W, 2Ry

Z RERTIE R L, EFEL2WYE ﬂﬂﬁémfwétbkﬁﬂbfwé
500°C, 550°C [ZCRiBmidR N EN - CTETEY . ZIUIML I HE -8 R =fi ) %
TER LT3R5 I3 2 C X T2 72 0B RN L 7= S HEHI L T\ 5. 600°C D 7L
TIIM OV R THEBERE N DD EFIZT 15%FETHDL Z b
B AELEST D RN H D EHEHI LT D

Figure 3.2 (D)l L O 227 FANSE Li-(ahv)? L FE vy v 7%
RT. 1B AR SV OBIAFER N OEH LK 0NN R v v 7
1.46~2.07eV & 72 o7~ BHIRIE E CuSnisGeSs D /N KX ¥ v~ 7 THh 5 0.86~1.54 eV
DOFPFANIZITNTND Z L b, HALIEE D EFHIC X > T CuS 72 O BANFRE S
. RS O EATZ EHEH L TW 5.
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Photon energy (eV)

6.2 3.0 1.0 0.7 0.45
< Wavelength (nm)
< 2480 1000 500 413
8 ~ 150 :
s S —450 c E, =207 eV
3 o [—5007C, Eg 1.69 eV
S ‘e an[950C, E;=1.56 eV
a2 8.100——s00°C, E =1.46eV ]
@o L
]
X 5ok ; ]
g = | ¥
§ :%, I-IJ“ .J/.//I ll /, 1
s | -—eooCc » 1 0= e Ao e L
E 8.5 1.0 15 2 0 25 30
3 | Photon energy (eV)
S 5
a Fig. 3.2 (b) Band gaps energy

o

/ . 2
500 1000 1800 2000 2500 temperatures calculated from (a/v)” plot.
Wavelength (nm)

Fig. 3.2 (a) Transmittance and
reflectance spectra at several
temperatures.

3.3 EPMA

EPMA CTobT L 7= &R CThidk S 7=V > 7 L Ok e Cul(Sn +Ge), Ge/(Sn +Ge),
S/metal % table 3.3 (27”3, table 3.3 (TR T HRICHLIREE 23 =il CTdb 51X &, Cu-poor,
Ge-rich (272> T e, F7z, Simetal S 3HALIREEIZIKAE L TR 69, 7o, {bFE
AL 1.0 1Tk L 0.7 FREE SRV RTZ - 7.

ERIZ T Cu-poor & 725 DI, CuS DFRENEATZ EBFIKTH D EHEH L T
%. F77, H-XRD OFEFR L 0 HERI S D4k x = 0.2 K0 b Ge BN O D DOHE]
BNEZNDIT, H%@V*Jﬁﬁ‘( Ge NE LTS TNAHTZDTH Y EL2AKRTIEIXx=03~04 T
HDHEHRL TS, Bl - KR ART MLVOFER Tk~ 7z, Kby Ot b 1
B IE H-XRD D &' — ﬁu% X Z DRSO TH D x=0.3~0.4 273 EHEHI LTV
5. F72, Simetal 3V HVOIRE T HARWRRNIEMALRE R 2N <, Wit 38 2353
TOBRIGELTNDT=DTHD EHERIL TV D,

4, &

VIV NRRAGIEIZ K D CupSny«GeSs IR D /ERLE 2 5t L, FIRE Chidk L7z
7% H-XRD, &l - IKHE ALY L, EPMA THOHTL7=. &2 TOH 7 LT CGS
fill~3 7 k L7z CTS(200)D &' — 7 M, 541, H-XRD Ol s 5 28 TIRMEk LAY x =
0.2, EPMA OfEFR LV IRAKRTIEIXx=0.3~04 ThDd EHH L=, HALIEENEIE T
HDHIFE CuS ODFRENEL, X LICEFRBRNI AT MR ELNTZ. LL,
WTNOY T THIZBBENMELS, XU Xy v IR REN-T2. ZHIEE L DOFR
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fitftsr & CuS MIFTEL CWATDTh D EHEN L7, @R Tk L7z 7 iz s
Cu-poor 7> Ge-rich TV, {KIERT CTGS NERK S, EIRTIX CuS DERENEA
TS EHERI L7z, S/metal FLIIHABIREITIKAE L TWRWN D &2 B ik o5 S
PSRRI CREZE T O AR SO LTV D EHERI L 7.

Table 3.3 Elements ratio of each sample

Sulfurization Chemical composition ratio

temperatures
Cu/(Sn+Ge) Ge/(Sn+Ge) S/metal
450°C 5.18 0.30 0.73
500°C 3.52 0.32 0.59
550°C 3.25 0.31 0.62
600°C 1.80 0.43 0.70

4. S DRE

ALIRE DO EFHIZ K - T, CuS DFRELEHD 5 Z L DN DENER O KA 55 3
%<, IBRWEIERFER L OMEW S/metal th & 72> Tz, B EOIEE A2 B, B
M2 L OBEANEEEINDS. Lo TAHHRIT, HE A2 8912 CuS D%
£ ERUUL S ORI T X O ek 7 e ADKRE NV ETH SH.
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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

AR EAE A S, | AT
P HESZ (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,SnS; and
(101) of SnO,.

1L ZLwic

A, KIGEHOERIZIB W T ANy ZIEB LU EER EOREEELZHFH LT
IR 7 0 A TIEa X P REWEBEE 2> TV D, TOTORKETORET 1
TRAEZEHAT AL T, 2—FT 4 VT 40— A MDMERI L. FIZF ISR M7 3k
EPGETR  Te BT OEEE 2 A MRS D, £ 2 TAMIETIX, I A b CVD kL
VD ELZEREE A L2 TR L) Hefl & V2 il 7 e R R LTz, £72,
BEFI & 72> T D CIGS KEGFEMZR EIZIZ LT A ARELNTEY, TORY
FMaAMDOFRNERSTND, ZZTLT AL NEEDT, IR 10* cm™ 2
b R A% EERBZ TN L BRI E R IE & L CE L R
ZHF o> TUVD CupSnSs(CTS) A D VERL 2 3 2 72,

2. EBRFE

AWFFETIZ, T A b MAKZEEEE L, Cu L Sn 28 BIEEN 0.4 M
ERD L VNTEN LTI EHERE T2 Z 212k - T Cu-Sn(CT) 7'V H—HZAERLL
oo TERIL7=7"V I —H ZhifbKkEZ G HERFHK T CTMEVLEES 5 Z & T CTS
HIRAERL U7z, B L7 EIL Y — X T4 AT T ASLG)TH Y, WHE E LT Cu
WUIHALSR( D) A8, Sn UL (V) AR P % L=, CT 7'V I —{E
BT % 3 2 MRIROHIAZFERE Cu/Sn = 1.3, 1.5 & L7-, sk D /ERLT7
EZLUFIORT, DITHAKIZ SN IRZ RN L, BRICET -2 L 2R L2112 Cu
AW 2 & T CTIwWRAER Uiz, 1FR L 7=k % Figure 1 (27~ Solution f&fT
WAL, AKPICEE L-BENRFE L=y FEHWTHRY I—Rx— MEEILIZ
CT W& I A MEESHTo, WICH T AEF 2R BEL CTODER LTI A NEEHRT
AN K5 TH T AN HHE 1.5 Umin DEHZEH A THD EIF, s Ths7 7
A U F ¥ RVNEE THitE 1.0 Limin ODEFR T A TiEo7, £ LT, pUNZER(E S 0.8
mm)THD7 74 F ¥ RN E TELIL I A N % 400°C THNEL L 7= F5pk B
L5 ZETCCT 7Y —H2ER LT, ZD% Figure 2 IR 985, EREHK
500°C C 60 min, } OMiifb/k & % & 1o % 32 55 BH A 530°C C 60 min JIEVLEL4 % = & C
CTS Vv 7N AEER L=, £/, MEVLEE Y 0¥ A TOHRIE L — ~E 5 °C/min TH—
L7z, ZOERL7=Y > 7 ONTHEmEEZ XRD, M ONEIEBFE AT NV &g
WSCE R TR Uiz, £72., fdWhiiEili 2 SEM., ST % EPMA Z W CiT o 7=,
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Carrier gas o 5.0 °C/min
_, = 530 oC
| 500 °C
Natural cooling
v Reaction space N, H,S ~
| Mist 0.8 mm height
BN B L Solution 5.0 °Clmin
o 6 min
Hot plate Substrate | 30 °C n o
Ultrasoni 94 min __60 min_ | 60 min’ -
rasonic generator
Fig.1 X A | CVD{EDFERA Fig. 2 Fitfb5=fF
3. KRB LUEBE
Upstream

Mist flow

Downstream

Fig. 3 1ERL L 7= > 7L O fAr & i

Figure 3Z/ERL L 720 > 7V OfENTEFT 2 7~ 97, fEATRERTE LT, I A bz
*F L C Ly AT 2 Upstream, it FT % Downstream & L7z,

Figure 4 (Z Cu/Sn = 1.5 TYERL L 724> 7 /L XRD O&LHIHE 8 %79, Figure 4 |25
FTRRICHAIER CTS DAL L E—2 TH D Zate. (331), (402D — 7 &
L7z, UL, BHELTA0N)EZEREED SN0, D E— 7 Bl sz, Z D5
FEIZ DWW TR, BRUBEINERRIZ EE M TR S D SN0, IZB W T, fifk 7 v X To
O L SOEBEBRNPERIIEZE TV NI ENFRETHD EEZTWND, TDT-OHLT
1 AL UCHIZVRRR], PREFRERE], EH 2 HSIREOUGE, KU'STRE LTO
FHIRFEOERREERFT T HLERN DS, Fio, BIHIEFTIZ X > T Upstream &
Downstream TlI & — 7 S8 ICBRE R 2242 R LT, ZHUIRIGZEMTHL 7 714~
F ¥ FOVNERE T A R E BT BRIZ, Upstream #5745 TIE 2 A R OFEAIZ L - Thk
BHEEMEL 220 | KIECTOHLHERENR RS 72 Sn BELHEFE L TV D 72072 EE 2T
%,

L ] A

| ® Cu,SnS, | g
o A Sno, I =
£ % Unknown| 2
= = Upstream
= Upstream =
£ £
3, 2
2 z
= i)
g £
E‘ = | Downstream
i 4 Downstream =]
| Cu2Sn3_#01-070-6338 T T T T cu2sn3_#018070-6338
10 20 30 40 50 60 70 80 27 27.5 28 28.5 29 29.5 30
Diffraction Angle, 20 (deg.) Diffraction Angle, 26 (deg.)

Fig. 4 XRD OBHFER (F: A A > E—27 OFLKK)

_48- 2019.01.15



30

Figure 5 {Z Cu/Sn = 1.5 TYERL L 724 > 7 )L Upstream & [A]H > 7° /LD Downstream
D SEM Z HW TR L 72 R 2 7=,

Upstream Downstream

E1] W K IH ]

Fig. 5 SEM |2 k- DBLARE R (Ze: Upt #i: Downstream )

FNENDOEAIRREDBIHIFE R X 0 . Upstream @ J5 7% Downstream & Ebifis L TR
INEWZ EEMER LTz, 2T ER L2 X OB AIC X - T, Upstream 545 O R
EEMELS 220, BEAHFVHRETTREN NS 2ozt BEZ TS, LhL,
Wr R BE D BLAIAE A4 75 & . Upstream @ J7 7% Downstream & Frii L CRIBEAS K& <
2%, ZHUX Upstream #5853 T/ S WRINEFE > TREWVRLE L TRATNDHD
7EEEZXTWD, £l2, TNENOWEIREOBLHKE R L U | Upstream & Downstream
OIEEIL L - 2 um F2EETH D | 30 min DORRIEREH THRIUE & L CH5 72 IR DO HEfE
NA[FETH D Z L PR T 7,

Table 1 IZ/ERL L7242 7LD EPMA IZ X D EESHTORER & 2D HEH L7
R Z T, 7ed, CulSn =15 O T IS oA b, RS CERL L 72 B
TNERH LT,

Table 1 & &53HT DG A & LAk LE

Preparation Position Composition Ratio
Cu/Sn Cu/Sn S/Metal
1.3 Upstream 0.81 0.694
1.3 Downstream 0.81 0.746
1.5* Upstream 1.35 0.905
1.5* Downstream 1.71 0.867

WRIRAVERIR OMLA R L TH D CulSn = 1.3, 1.5 IZxkt L, fifb#o¥ 7L ik
CuSn e KRESTHD L TWAD Z ENFERTE T, 2O enb, I A MNAKRIEREF
DAAFFRL L6 U AL > 7 v O EEIE Cu-poor, Sn-rich (2732 V) 04\ 2
ERDbhoTo, EOROWIKRIERIFICEIT 5 Cu DAL BEORFNMLETH DL, £
7=, Cu/Sn = 1.5 OH > 7T UNT, Cu A Upstream Tid Downstream & Lbifgs LT/
2o TWVAH I & LR TE 7o, ZHUZ Sn & Cu OHERE FIREIRE 2N E D EER X v
ZThZh 230 380°CREEETH U | A RIDREIREE TH 5 400°C Tik, Eil L7723
A N OFAIZ X2 FHEHARE DK TIZ L > T Cu OHERENARLEIC R T/ diZ LB
TW5,

Figure 6 (Z Cu/Sn =15 TIERL L 729> 7V &3 e ERHC L 0 JIE L 7Bl R, X
W ROZENS ORERFEEDS (ahv)? 7oy MTEVEH Lz Ry v 7(Ey)
AT, B E KN ROWER KLY | BREODRIET, KON EORR LA
o AERLEY TV RERFERTH L EE X TN D,
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Fig. 6 43 e CERHT K 2 MIER R

Flo, HERAOFBBREN TN Zo TN b, 7L BIZEROHE
NWTWBZ ENDND, (@) 7ry MZEX->THELE Eyl i%h%ﬂ Upstream:
0.84 eV & Downstream: 0.83 eV TH V. —#KIJIZHRE STV 2D B R CTS @ Eg
092 - 1.02 eV)B L W/ NSWETH 72, ZHIZEPMAIZ L D E ﬁ:ﬁﬁm Cu/Sn
#Ak 7S Cu-poor, Sn-rich TH YV . Z DAL DT N4 EHWER L 72 % 2 70 By A3/
S o RRE EZEZ TS

4. £+

A% CT ¥R & VT 2 x N CVDEIZLE>TCCT U B —HZER L, H)S 25

Te R BHA I RBIT 2 MBVLER I X W CTS AR 7=, /ERLL 7= 7 icxt L
fh S 2 XRD & 4y 6ot BE .:ir\ T ey VAL 1 (g EPMA |2 L » T4 ff
FEAM L 7=, XRD DR L 0 /ER AR TH > - HALR CTS OB — 27 RNl TE /-,
LU, 2OV 7 FIZiEmibic kb 0 & S OEHNZERITE & TV & nJE
KEEZBND SN0, DEANERFEL T2, 72, () 7ry Mo k- THE
HL72Y 7D Egld—fRANCHIE SN TV D HRHER CTS D Eg L D H/hSWMET
Hotm, TIULEPMAIZ LD EEGHINOHER LT Cu/Sn #LA%2Y Cu-poor, Sn-rich ©
HoTZ ENFIRNTH D EEZ TS, 5HBOSKFEEL LT, U7 TR EN
Tz SN0, 2592 & L OMHA AR O Fciifb & AL S O FRFT BN S E T
HbHEEZTND

HRE
AMFFED —EB 1T =7 Y — VT HRAEEW NS R M HAN R R RN B
DI ZEZ T 26 DTY,

BE R

[1] Kanai A et al., Jpn. J. Appl. Phys. 54 (2015) 08KCO06.

[2] Gincy Sunny et al., Optik. 144 (2017)263-270.

[3] Naoya Aihara et al., Appl. Phys. Letters 108, 092107 (2016).
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SnS FEKZULEAS SnS HEEIC 5. 1 B RE

Influence of annealing in SnS atmosphere on SnS thin films

OffEE R s SR M OEORER Y, AR KR Rl B2
1. BORERRY: BT /2. BHERR Y A irseb
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 Sn>S3 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. ZC»IC

fitfb A X(SnS) %, KIGEM DI E & LTl L7=30 R¥ ¥ v 7 (1.3eV)RmV Vot
AR EL(>10%em ™) 2 FFB[1]. A A(Sn) & BB (S) DN L7k Bl ook 12 % < 71E
LTS Z e BIRMACREGEM A SR E LTS TW5D, UL, BIfE SnS
KEGEMD T E W FRIL ALD EIC LD 436%RICEE > TWDLONRIBIRTH 5,
SnS FEBED R ITZABIEBI4I°A T V—IE51 7 ER b D, BAIXINETA Y
ZHERE L7c Sn WIE(7 LV — ) ZHib 35 Z 12XV SnS HEIRORKE ZR A TE -
[6], FRAGIZfEEZRR RTA4 T2 THY TEMICERTH 5 HE, HEOFmAITIC
LEWE THD SmSs. SnSEDEIMEELRTWVE WS EEZZ TWA[T], £ 2
TR OMBENZ M, A8y X HEFE L7 SnS #IE (7 L 1 —H)%& S F721% SnS &
PHAUCEMVILEE 24T 5 Z & 1T L 0 BULBRIRPHSAY SnS IR IC 5 2 D EIZ DN T
Bt L7z,

2. EBHE
RFE v~ 7 %2 b ANy ZiEAEZBHWT

Mo/SLG |-IZ SnS #ils 2 HEFS L SnS 7' L — g @

Y& Lz, FD%, SnS ¥ @ UC) UC)

@i SnS /N ]7 &’_‘ k k %) G: 620°C T 5 %?’?ﬂ@ g prec'urior"Lé )

HEiTo7-, Son-AHo LIEES T < % o

AR, XRD ROSEMIC £ Bl afT- | anneded g

. A e L

E r annealed ]

3 REBLOER E 1S %

3.1 B K25 SnS WIEIZ 5 % 5% o SUNULE | P
%@ﬁ?@mé}lﬁﬁiﬁxéﬁ% Eﬁm 55 55 40

SnS L A—HIZx LTS F£721L SnS 55 X 26 [deg ]

Fig.1 Typical XRD pattern of SnS films
as a function of annealing atmosphere.
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KBV 21T > 72 SnS #ifEED XRD /¥ — 2 %
Fig.1 IZ7R7, SnS 'L —H% % S F721% SnS &
PHRESLELS 5 Z LI LD ZE 4L SnS(041) %
ti&&unwﬁ PIREE DN Z RS L72, S 9%
PHAGEVLER IZ )N THE SnSy DRI ASHERR S 4
T2o ZHUE S ZKAD SnS T & S LSRR
a2 E R E N D,

3.2 S FEHKEVLEN SnS BIEKREIZE 2 5%
b
SHEPHA T =—/L L7=SnS

\Z7R9,SnS 7 L
— #2253 SnS ITE KT 5 (93 em)D B —
7 BERR STz, S AR CEVILEL L 7= SnS
2 5 i\ﬂﬁfhésﬁzftlﬁéﬁﬁ
GL2em)D ¥ — 7 NHER SN, £72S K
ﬁ%ﬁ%w&ﬁﬁﬁ_ﬁbfﬁotSﬁﬂdi
KT 2 5B 12em YD ZEfM~ v B2 7 bR
EIRIZ SnSy DIERL ZMezB L=, ZhiE S HIA
HCEVILEE L 7= = & T SnS M S KR & KOG
LRI Snsmﬁ/ﬁkéﬂtt&x‘:%zﬁgﬁé
SnS 'L —H L SnS 7L —HIT S PR EN
SR A 4T > 7= SnS VERE O Wi SEM 4 % Fig.3 |2
RY, Fig3 b S FPHKEGLEE L IZ SnS2/SnS
OB E R LT,

3.3 SnS FHXBVLEE SnS HEREIZE X 5
-2

SnS FEPHAEVLELE 0 SnS IR IR L C e
R~ PEZEITV, FFHALTE SmoSs IZER T
Z){EZ%(BORm Yo ZEfil~ w ¥ 7 X% Fig4 12
9, SnS FRPHGBLEEIZ VT, REICARY
T VA VHAL TR R LI, Z
AUE, SIE SnS LV KL EV[8]728 SnS
R E =5 S HFRIE L, S ARKD SnS D
RHO—HERE LTzl EHERHI SN D,

4. FE
S FRHHAEMVILER TR M IZ SnSy DAL S 21,
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Fig.2 Raman spectrum of SnS thin
films annealed in S atmosphere.

Fig.3 Typical cross-section SEM
images of SnS thin films as a
function of annealing
atmosphere(a)SnS precursor
(b)annealed in S atmosphere.
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Fig.4 Confocal raman mapping of
the integrated areas of the Sn»S;
(approximately 307cm™).
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SnS FRPHRBLIRIZ I W TIER AN AL — 127 L A AL T SnoS;

PR CEVLHE L 72356 SnS RN S 2K & KOS LEREIZ SnSy 25
Sid EEZLND, 72, SnS FHAREMLEIZIB T, REICARE—IZ7 LA v
HAL CEMNPER SR E LT, SIE SnS L0 HARKIENEW[8]728 SnS /{7
H—nb SINFRIE L., SRR SnS IO EKHE DO L M Lz EHERI L=, &
BOMEE LT, L0 BHEMN 7 SnS RIHK Z HBLT 5 7 DICEVLIRRE O FR 8 % |
F. SnS /RN H =05 S BRI T HENC SnS & LTHEEIEL Z ENFET LD,

BiEE

HEN TV HEIC S H AW E £ L TETERS RS I 2% < &
N LET, Fo AR I IRE RN RFNE T T 7 1 7 HHEQ2017-
2021), HARERI KRR AMAEFEAN—R « aug =—ff58t o & —, K OHFRERK
AR A ISR R I B AN S P OB &2 52 1T 7=,
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ATV Vv My RUZRIITTE
B b EiR s AW BHAE T T /31 A DERL

Fabrication of transparent electronic device using oxide semiconductor
for intelligent windows

R WL LR e, B W, 2l Bl
L ARERL R PR, 20 AOUERLRY: ROkt
°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 VO, 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

B IR L B R (TOS) 1T « BRI - {LFEMICEETH D20, Hx R
NEHIN TS, Fex X TIVE T p AEHB Y 5RO NIO X —~7 U 7/
AW B KB 121 B HERE 7 o P 2 Z(TTFT)[3)E 0 Ea{ToC& /=, =
O DOFEHT NA ARGt d &L Tl R EEFf -T2 (AT VP by
4R R ATV V2 FE=— N T X | ZREIELENARETH D,
—J7. VO, 1% 68°C THESE T A2MEICTH Y . FiR TIIRIEEZFEE L, 68°C LLEIC
72D E RN E BT DR R FF O [4-514 T U Vv b T A AT VO BAES
s LT, BEMICHRISEZGIEIL, WEWEEZ L7285 2 &N TX 5, A%
TlX. RF A%y #9352 HWT SLG k& ZnO/SLG B2 T VO, IO HERE, KO p Hl
NiO % 7= TTET OFERLE | NiOMEfaIED R KT T A4 A v N &gt Lz,

2. EBFIE

VO, #—%7 v M & FUWTRF A3y L2 LY SLG & ZnO/SLG EIZ VO, HifE %
HRE L7z, AN 2L LT, BEHT ASEK[Pp(02)=02/(Ar+0:)| % 4.8%. HEFEH
DS % 0.3Pa, RF Hi /1% 180W, HEFEH O FAMIEEE % 400°C & L7z, HEFE L 72 VO,
S LT, XRD HIE &, RAMEREIR O F ] E &2 Uk 23°C L TN 73°C OAREE
TiTo72, F£7-. NiIOTTFT OFERIZANT T, 4 FFE(HIO,,5102,A105,AIN) D x5 %
T, &Ko B & OV NIOTFT /£5d
%D G-SHIZTIVHlEZIT> 72, £72.PYS
HIE 21TV NiO EHERRIED /N R T Z A A
v M ERKE LT,

VOL(011)

ZnO(002)

3. BEABIUEE
3.1.1 VO FEE DO HERE

SLG k& ZnO/SLG _EZ N2 VO,
% [RI SR CHERE L 72 B2 D XRD HIE DOt R %
Fig.1 {Z/~7, SLG £ Tl VO, DIaIHT A3 RS
L7-, L L. ZnO/SLG _ETix VO, D[al#r
NHERTEX 2ot £7-. ZnO/SLG Fiz Fig.1 Substrate influence to VO, thin film.

10 20 30 40 50 60
20 [deg.]

XRD INTENSITY [arb. units]
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VO, A HEFE L 7= Bt o m Lo
77y A MERE Fig2 [T, 2O
%#%V~ngﬁéznﬁ%%ﬁ’ﬁﬁ
LTWDZ ENMER STz, VO, EEIZ
wfﬁﬁ%ﬁﬁ®@ﬁﬁ%%ot@\ﬁr
Z InO \THANTIERITHESHERE L2, £,
VO, HEIRHERE R IC 400°C O FEMOINEE L T
WDT28, Zn D VO, HEEOEH F CTHLK
LiztEZOND, Z2OZ LN Zn0 ETO
VO, D EEELLEEZ NS,

3.1.2 VO FIROWEIC & 2 BilRrtE Fig.2 Composition about surface

SLG hICHERE L7= VO, B D Al 6 6E goﬂ@mmmm
I COIREE & ZIERORER % Fig.3 ITR-7,

SLG LICHERS L 72 VO, RIS D ARIMERRIR T ORI & FR R OBIR % Figd (ST, A
BUEREBIC BV TIL, 73°C D& ZENTHEBRN LR - 7=, FRIOGHEIK TIZ. VO,
A 73°C D & RO E MR L2, T 40T VO 2SINBARFICHHERRS 2 & L, #dh
HENE LI EBZ 2 6ND, £, AIHDEHEETIR, RO E LRz,
BRRA TV FFASL Z~DIEARHRHTE B,
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Fig.3 Thermal characteristics of Fig.4 Thermal characteristics of
visible light at VO thin film. infrared light at VO, thin film.
101 v v
32pEINIO Z FHWZ TTFT ORIEB LY =102 |
NiOTTFT I [} Tz Mg D et —10° 7
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%D G-S D 1-V Kk Tid, ffatEn R Fig.5 NiO/HfO influence to insulator property
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ZOERD 1oL LT, mEH(Ee) o M
DNLENE X HiLd, Fig6 IZNiO & '
HfO, ® PYS A7 hL%&7R"7, NiO
DA FACRT > v T 5.5eV T
Hb, £io, HIO, DA A ALK T v
Ty L 73eV TH D, NIO DX R
X v v 7 (ElE 4.0eV[2] TH V) . HfO,
D Egld 5.7eV[6] TH D, Z D7 Ec
D B ZEHENL (Bvac) 0> b D = R )L F —
X, TN NIO 1% 1.5eV, HfO» 1%
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7 Ec DJ5 23 HfO, D Be L W H =L ST TR 4TS
F—DIERNLEIZLS 5, 2D, PHOTONENERGY [eV]
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LTHELTWWnWEEZBND,
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BEEEIER LT WAL ZRD, Lov L, NiOAERRIEOEE 2 V2 RF, flfg s 2 07
DT DIIE NIOMFEKIED R RT T4 A NEBETHIVLEND L EEZOLND, £
Z C Fig.7 |2 NiOTTFT O/ERLZEIT T NiOKEZED X KT F 4 A R &R LT
[6-8], SiO2 * AlLOs * AIN Z 5 Z & T, NiO/MaigEO#EEIZ T, U — 27 BHOWRD
DHIFRFCE 5, £72, ZORTEY HFERNEV ALOs ZHifaEIC W5 2 & Tif
M - TFT FREOdE N W TE 5,
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Fig.6 PYS spectrum of NiO and HfO».
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Fig.7 Schematic band diagram for NiO and variable insulator.
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-56- 2019.01.15



30

FAWND = & THafgtk « TFT O MEICSEn B T 5,

HEE

NiO BEHEREICBI L, HAL KL i R E B I R L BT E3, AFse
DO—HIx, BFEGEER C). RIS RFIE T 7 07 4 > 7 FE (2017-2021) .
HEREMTEE A= « an=—itft ¥ —DIHERIZ L > TTbhT,

BEIHR

[1] D. Kawade, S. F. Chichibu, and M. Sugiyama, J. Appl. Phys. 116 (2014) 163108.

[2] H. Nakai, M. Sugiyama, and S. F. Chichibu, Appl. Phys. Lett. 110 (2017)181102.

[3] H. Okada, R. Tanuma, and M. Sugiyama, JSAP-18Fall 19pPB132.

[4] D. P. Zhang, M. D. Zhu, Y. Liu, K. Yang, G. X. Liang, Z. H. Zheng, X. M. Cai, and P. Fan,
J. Alloys and Compounds 659 (2016) 198.

[5] J. Montero, Y. X. Ji, S. Y. Li, G. A. Niklasson, and C. G. Grangqvist, J. Vac. Sci. Tech. B 33
(2015) 031805.

[6] S. Sayan, E. Garfunkel, and S. Suzer, Appl. Phys. Lett. 80 (2002) 2135.

[7] J. Robertson, MRS BULLETIN/MARCH 27 (2002) 217.

[8] N. Maeda, M. Hiroki, N. Watanabe, Y. Oda, H. Yokoyama, T. Yagi, T. Makimoto, T. Enoki,
and T. Kobayashi, Jpn. J. Appl. Phys. 46 (2007) 547.

-57- 2019.01.15



30

NiO & Rl 4R 7 18 T K b5 7Bt oD i T TR

Resistance of bending to NiO-based visible-light transparent solar cell

g =F L N K !, Ishwor Khatri?, #2110 i 12
1. BRER RS BT, 2. BORCEERL RS A WFIERE
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 test,
then investigated the influence on solar cell characteristics. The
p-NiO/n-ZnO solar cells demonstrated outstanding environmental
resistance.

1. IZU®IZ

el = v 77 L(NiO) I 4.0eV DT A R/X2 R¥ v v T HEE(R[1]T, p BOE BN AR
TR -ERTH DT, BAT NA A~OIEHAPMREIND, BAIEINIO & n
L OELHESN(ZnO) A L AA oH D FIT L - T, NiO R Al HOE AR5 & h o R
TN RREDOZNARy ZiEEANTIT-> CTE2[2], AlMREE B K EIL,
MNMEIZEEREIOEEZ BRI LA 2 E T 5720, RELITOBEHENE S, Hx
B A~OISHAPEFE STV S, L L, NiO SR Al EdEim A K B EE it o K
IZOWTIERMA S22 <. Hfb « REMMEOWME 13070\, & 2 TARBF TIL,
NiO % Al A KRG R D 5L « BREEMHPE DMt o 721, iRz 170, K
B EE AR EIC B 2 D 5B DUV TR L 7=,

2. EBRFGE

BT RFEREICREFY T 7T 4 T ANy X
L% AT, Ag paste/NiO:Li/ZnO/ITO/Capton
B NiO A L AUK G B A 1FR L
7o TEBLLU 72 KBGFEML A 5,10,30mm O i 15>
BaFrO 3 FAEO hRER A I EE S, #hi)
AEREIZ O KBEMBSEO L E 1V JIEIC
X VA L=(Fig.l), £7=. T HI%OKE
A SEM I X W EIZR L7,

3. BRBIUBE
Fig.2 (2 NiO & Al ot ds i B ARGy 75t o i

YR EEZ - EOTFRERAI%ZICBIT : :
BN ROLAVENS 274t e sune  Figl. J-V measurement  while

72 HIT oI, B OIE T % MR L=, Fig.3 bending 2 NiO-related solar
12 NiO & r ARG i R K 5 dE oD il 1 28 &

K 2T & OMTRERATR (C BT 2 BRI
& FEAE RV B D ZALTIG 2R3, i 28
INEL R DI o FEREETRE TR E <D
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Fig.2. Normalized Efficiency values of Fig.3. Normalized Short-circuit current

bended NiO-related solar cells density (Jsc) and Open circuit
as a function of bending radius. voltage (Voc) values of bended

NiO-related solar cells as a
function of bending radius.

L7223, BACEIEOEITNE o7,

KBS DR T DR R 2 A+ 572912, SEM I L v dhiF 3 ErE1# D NiO &
ARSI KB O R M A BIE L. T OMER % Figd [Z1, IFRER%E TIIk
B RE R (AR O 2 MR8 Lo, ZAUTHITRERIC L v S =Ny, il
IR LTEBRICRERE Lo b o L HEI S D, KIGEErER & BEE 5 [0 DO B K5
F EACEFHOIEHEOR TS, ¥+ U7 OWNEEEZD SE-2 L, FHiEE
MEELTOERNTHD MR SIS,

(b)

Fig.4. NiO-related solar cells surface (a)before and (b)after bending test.

4. FEww

NiO R Al A KB DA « REEMMEORF O 7= I1c, TR ZITV.,
KIGEMEFEZ G 2 DB OWTEMHE L7, BT PR OB RO ERE B IS 5
KRELWH LTz, ZHUuIRGEmERm & TBE ST MOBANFEKTHL EHR L, 2
T E D, KEGFEMFEICREREZHERE S5 2 & CREMmF OB Z M L,
HE T DR o> 723 5 EHERI L 7=,

BEE
AKWFFEDO—EIIRE G C) . RSL KM T T 7 4 7 FEZE (2017-2021) , R
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WRIREBATIEIZ L % CuBridy/Zn0 F 7 v~ RS pn #25 O /Y
Preparation of transparent fine structure pn junction of CuBrixlx / ZnO nanorod by solution
coating method

FHHA, #& WK, SRS, BRACE
R HAr 7R
Naoto TEZUKA, Ryota MORI, Toshiki IMAMURA, Kunihiko TANAKA,
Nagaoka University of Technology
Email: tanaka@vos.nagaokaut.ac.jp

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.

1. IIC®IZ

BRI L IR 2 L, AMRICH F RN E RN L CTEINZERT 5K
B TH D, LOLREENLZRINL, Fx U T E2AERLIZELTYH, KB
YD 5 BLEANNED E D HENEIT 6% LW, EhEREIH RS A /ERS 57~
DIZIE pn 6 OEEN 72 TIRPME L 72 5H[1-3]. & Z TARFZETIE, = A FEIEO
DI EEET v A ThHIRIBAKEEKIEZLY ZnO F /ey &, T4 v 7=
— MEIZ LD CuBrixly (CuBrl) Z HEfE < B SIS pn 26 OER A 1T > 72,

2. EBFHE

2-A KXY H ) —)LEF )X ) — )T 02, BTSN Z IR L CERL L 7214
Wa, A a— MEIZLY FTO Hb ki iﬁﬁ‘éﬁf ZnO > — R aER L7, %t
WG, BMUKICHER SN & ~F T ATF LT b T 2 U EED L TERLL 7=l E AR o
EF‘T Zn0 v— Rjg k2 Zn0O /vy REAESE. £D%, ZnO0 7/ v v NH

T2 A R¥o o H ) — )b /)X ) —)LT 02 Cul & CuBr 0 LTIk & T
4 v a— MEIZL>TEAL pn#HEEZE- L /ER- L 7-9 71, SEM, XRD,
HXRD, i A~=7 kL, EDX, |-V HEPEIC XV 2E4mL7-.

3. MEBLUEBE
3.1 FEmAXT kv
Fig.1 (2 BSOS E pn $25 O iR & PGS E pn #2512 W= FTO o
BRRZ RS, ZOFERNS, AHEE TOY T OFBRII 0% THDH Z LR
otz if_ T RAEIR A TR T 5 &, Cul ORI FRINE D & LE/&ET%%
#9420 nm (2B TRk RN 2 410 L 7=. CuBrl IZ CuBr & Cul OIEAEIZ L v JibiEd
F&Hﬂ@/ﬁﬁh V7 T A mEOHE LY CuBroslos DJhEE WL IX CuI FObE
KETHDHHK420 nm TEIBIL7-Z &£ 225, CuBroslos 23HEFRE S Au7z & HEHI L T B [4].
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3.2 SEM

Fig.2 () |2 SEM T8I L72Zn0 F/ vy ROREEZRT. ZORENL, ZnO F
Jay RBEFICELELTHEL TS Z EnbhoTz.

F£7-, Fig.2 (b) (BB pn BEA O FRE Z, Fig2 (c) WA Rd. Z 0k
KD, ZnOF /oy RPEEIZ L3um KE L TWAH Z Enbiro7c. F£7, CuBrl
NZNOF /Yy ROREEB S TND I ENbro7-. SEM 56X Zn0F /vy R
ZERRN % CuBrl CTiifi7c LTV AN E ) MR TE o7z,

(@) 2zZnO F/ v RERHE (b) SRS pn #25£im  (c) FEHIRGHINEE pn 24 Wk
Fig.2 SEM &4

3.3 HXRD
B IO HXRD NZ — 2 Zod . ZORENDS Zn0 F 7 v v ORI
Th5H002)HIZIRVWE —7 i L7z, F£72 Cul & CuBr ® A A > & — 7 ORIZEI

CuBrl ® v°— 27 Z#iH L7=. Z 2Ll CuBrl HEIEOJE I35 300nm THHT-H72EE 2
TW5.
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3.4 EDX

Fig.4 (2> 7 Vo EDX JIERE R 2 /~3. Figd [Z-38RIZ, CuBrl 28 Zn0 -/ &
v RORMIZAVIAA TS Z & 2R LTZ. 7ok, | D50 FTO Jefi & [7 UALE
ICHTWA., ZHUZFTO KD Sn & | DIEED T W= TH 5.

Fig.4 EDX

Fig.5 |2 EDX HIERE RS HEH L72 Br/Cu & I/ICu D% /77, ZnO JEIZF5 1 % Br/Cu
& NCu bR —EThH o7, 2D Z &6 CuBroslos 23 Zn0O 7/ v v ROZERZHD
TWb Z &zl Lz,
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3.51-V Hik:

Fig6 IZ/ERL L7 7@ -V FetE iR 2 777, (ERL L 72 pn #2561 38Rt 2 R
L72.2Zn0O F/ vy R UCTER U7 o 7 0 CradEi et iﬁméh&#ot_k
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4 FE#
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FDi=%, Zn0 F/ 1 v ROFE XX° CuBrl MEHEREIF OS2 mE L, diE L T
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BEE
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Composition ratio dependence of CuBrily thin films photoluminescence spectra

Ak BE, FE O OWMA &R OEK BR ALE
Rl BBk R
Toshiki Imamura, Naoto Tezuka, Ryota Mori, Kunihiko Tanaka
Nagaoka University of Technology
E-mail: tanaka@vos.nagaokaut.ac.jp

Abstract  CuBri4Ix thin films were prepared as a p-type transparent
semiconductor by a spin coating method. Photoluminescence (PL) of
CuBry4lx thin films with several chemical composition ratios of x was
observed. The shift of PL peak depending on the composition ratio x was
observed.

1. IXITBHIZ

BUE, A2 L, S0 a2 WIS 5B KGEmMAEE S Tnb, &
P KB AT & U CE A n BRI ZnO 2 ERNES BB TWH DD, B p
BMSEROHFFEHIIT D 70y, Z 2 C, B p B8R L LT3 v{kéd (Cul) & 54k
&l (CuBr) OIREET&H D CuBriyy (I OWTHFE 2 T o7, Cul X, N F¥y v 7=
FNAF—MN31 eV TCHR—IDORERTHD, 6, IUH () OAFERITHAN
FT22NLTHD, CuBrit, "o F¥y v 7= X¥—/n31eV THVH, BFE (Br) ©
EHEEITZHANESNTHD, Lo T, GURLEERIHAROEFEENSL L, LR
BEAIZHEIL TV D LNz D, CuBriglid, #AL X ITXZ > TR Ry v Fx)LF
—% 29~3.1eV OFFATE ST Z ENTE R 200, FHEEMO Y%
DTN TE DL DICHET L ERAETH Y, B RIGEMMEE L TEN
TW5, LU, CuBrigl DWFFEIEH £ W EA TE O TREEMMHENT E A ERP SN
TWARW, F 2T, AFZETIX CuBriyly DR A IFEE T a v A THHLAE v a— |k
EICE VAR 2 2 TERLL , IR MLV ZBIIT D 2 & TORZEOBEND
Yt A i L7z,

2. EBRFE

FEHARIL, 2-A v ) —)v /X ) —)7 I K, Cul ¥37K, CuBr
MRZIRAE L TER L, FEHARZ A a— NI K > TAHZEN 7 AR IS HERS
L7z, £D%, 70°C OF >y 7' L— hT5 iz L, XS 2 H\\WT 170°C 0%
FHREHRPCENMT =— N E(ToT-, A a— kL., BT ABEAEY KT 2
& TRk 1ERL L 7=, sUBHIMAEE x = 0.00, 0.25, 0.50. 1.00 @ 5 FEFEIERLL .
H-XRD. EPMA, il A7 VB, PLBLANC K> TotraiT -7, PLEHIRZ
Fig. 1 (2779,

-65- 2019.01.15



30

3. RBLUEE

3.1 H-XRD

KR Z &

D 24~29°DHFEPH A PR L7=H D % Fig. 31277, Fig. 2 B8 KWV Fig. 3 LV,
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Fig. 1 PL &L

f=100
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WZAERE L 729 7L D H-XRD ORIER R % Fig. 2 12783, £72 Fig. 2

OO —7 X CuBr D5 —4# & —H L TRV,
F—H L= LT\, FNF1 CuBr & Cul OFEBEMERITE /-2 W1z 5, &

512, x=0.00 OFHEE S | OEERBZEEINT HI1F E A A > B — 7 HDMEFA EE{
AL Z & @ Cul & CuBr OiRAEEFENERITE 722 W12 5,

LTEY,

3.2 EPMA

FEREE Z &

&

o

ZVERL L 7= > 7L EPMA ORIERE R % Table 11
Cu/(I+Br)iL Br DN L 2 D1 EHM L T\ e7e o, Br i Z/ERLERE
RFTWEHERI L7z, F72. U(I+Br)iiZx

Normalized Intensity (arb. units)

Cul #006-0246

CuBr #006-0292

10 20 30 40 50 60 70 80
Diffraction angle, 2 9 (deg.)

Fig. 2 H-XRD /8% — >

-t —— Cul #006-0246
I E IR CuBr #006-0292
—x=0.00
x=0.25
=] ——x=0.50
1—x=0.75
x=1.00

x = 0.00

X = 1.00 OO E— 727 1 Cul ®

AN

Normalized Intensity (arb. units)

24

25 26 27
Diffraction angle, 2 6 (deg.)

2> 7 b

ZRd,Tablel L9,
2N TR
IRV VE Y ORISR > TN D Z & 2R L

Cul #006-0246
CuBr #006-0292

—x=0.00

x=0.25

—x=0.50
—x=0.75
—x=1.00

Cul #006-0246

CuBr #006-0292

Fig. 3 H-XRD /3% — 1 (24~29°5K)

Table 1 EPMA Il & # 5

X Cu(%) 1(%) Br(%) Cu/(1+Br) 1/(1+Br)
0.00 55.76 0.00 44.23 1.25 0.00
0.25 53.17 10.97 35.86 1.14 0.23
0.50 54.45 19.78 25.77 1.19 0.43
0.75 49.49 38.39 12.12 0.98 0.76
1.00 49.73 50.27 0.00 0.98 1.00
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3.4PL
FEARCEE Z &R L 729 o 7 v o PL BLAIORE % Fig. 6 (27”3, 72 Fig. 6 @ 2.70
~3.30 eV DFiPHZ LR L= b D% Fig. 712, 1.65~2.50 eV OFiPHEZILR L= b D%
Fig. 8 (Z/”kd°, Fig. 7 X0, Ak Z &2 2.80~3.10 eV T CTHLUAI & 7= 7 1 Ehikd
TR NETHD EHRN L=, x=0.00 5 | OEREZENSES EE—7 MR RV
— iz 7 FLTW&E, x=050 OMEAERHIET R LVF—MlIc 7 FL, &6
DEREZEINEEDL EET XA —ANCY 7 LT, ZOFRLY | i 1o x
NX—%BELIZELTHXx=050 THRLNV Xy v BT LB 0h5,
Fig. 8 X V. x=0.00 LIS DAL T 1.80 eV T CHBEHIS NIRRT N F—T 7%
7% 5H(DAP) RS FEE L HERI L7=, Cul iIZBW T, | Z24LI2 & 5 DAP FfE&FtIE
182 eV CTh b EHEINTWAE, 4E x = 1.00 T DAP FfAFIETH D L HER L
T2RHIT, 1.71eV Tholo, ZiUE, | MEREERIS WO THRIT 22O Rz R L ¥ —
Nz 7 b LTz EHEHI U 72, 1ZD O LI IBIT DIRWIEED | ZEFLIC K 5 DAP
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[1] B. Bouhafs, et al., phys. stat. sol. (b) 209, 339 (1998).
[2] Pan Gao, et al., Optik 125, 1007-1010 (2014).
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Millisecond transient response of photo-induced deformation in ternary thallium compounds

JeEpEEIk Y, vk AER Y, W AN 2, Nazim Mamedov?
L BOFRBEL, 2. THIKRI, 3. 7EAANL Vx URET IT I —
Ryota Kitano?, YongGu Shim?!, Kazuki Wakita?, Nazim Mamedov?
1. Osaka Prefecture Univ. 2. Chiba Institute of Tech.
3. Azerbaijan National Academy of Sciences

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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Fig. 1 Transient response of the
photo-induced deformation with the
pump pulsed laser (30mW, 10msec).
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Fig. 2 Transient response of
the deformation (Ah) at the
spot center of the pump laser.
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Fig. 3 Semi-logarithmic plot of
the photo-induced deformation,
(a) 60mW, 5msec

(b) 30mW, 10msec
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Fig. 4 Results of FEM simulation
for the transient response of the
photo-induced deformation at the
spot center of the pump laser.
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O T TIXEIRERE O BLHEIC L 0 A &0 0 10 20 30 40 50
RDIH B AL, FERRAE R & EMER 72— sl T Time (msec)
&, o, vIab—va VREROLIVRFE Fig. 5 Simulation results for
% Tablel No.1-3)ICE &z, ZZThH, 3 the temperature at the spot
Bk O L [BREICAR o BRI 2 FEFE O center of the pump laser.

2 (1,12) CTEBENEIML, N 7%

X THEEOBRE (3) T LW, 70, A7tz —n—& (300 p)
O FTIER Y TR FFE OB N, TR TOREERD /NS 70D 2 & b FHhRAE
REFCHEMmZRLT,

Fig. 5 [ 7 HAR » FHIZE T 23 RR mIRE O@PEILEREY I 21—
3 URER AT, R RN RIS PE O IR R R EOHINOREER OE R £
ERDY I 2 b—ra UFER EFERRORBESER ML R~ LT, 202 b, Kbk
TG DI B FAE, SUBHEE 021 b & BRI RERICH U | IRE BRI O 2
ENEEORNTHD EEZBND, LML, EHEEFOHHEIL, FEBRE & ik
LTy alb—ya RN NS 2 Enb, BRI X 2B ERER E oW
PEAEDZEAL L U T D ATREMERSHERI S 5,

—J5. T2 TORYTHEMETIE, Fig. 1 ITAROGND X OIWCERDOE— 7 34T
OFEHMIE TRIFFZEAL TV D Z &0 b | R OBNIBIR CE 2o 7o, S HIT,
REFEIIE 23 /N & < IREE DR E WR U FEAMBL L HEI SN 5,

Table I Time constants of transient responses of the photo-induced deformation.

p Lradiati p During During After
up fradiation UPradiation T1 | irradiation t2 | Irradiation t3

No. Intensity time Energy (msec) (msec) (msec)

W

(mW) (msec) (1) Exp. | Sim. | Exp. | Sim. | Exp. | Sim.
1 60 5 3 0.98 1.1 3.2 4.7 9.4 15.3
2 30 10 300 1.9 2.4 10.3 109 | 10.1 16.0
3 20 15 300 2.7 3.3 109 | 152 | 13.6 | 16.6
4 120 2.5 300 0.8 1.2 5.0 5.5 19.6 | 26.3
5 120 1 120 1.0 1.5 N/A | N/A | 34.1 | 26.8

3.2 MR R AR OKRET
3.1 DFERIZEBNT, 1 7V ADT R X —%300u) & L72HA . Smsec DXL A1
12BN T Y, R F —OF AT 2 TEYEE O 52D E I E FrE I B Tz
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L. B OFAIITE > TWRWZH, HEREAEDSRME L LT, nilinDbRE
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Fig. 6 Semi-logarithmic plot of the photo-induced deformation,
(a) 120mW, 2.5msec, (b) 120mW, 1msec.
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Anisotropy of photo-induced deformation in layered ternary thallium compounds

WEW Y, b AEK', FHEF# % Nazim Mamedov’
1. KB RBET, 2. FEILKT, 3. TEANS O VBAET T I—
Ryosuke Itakura', YongGu Shim', Kazuki Wakita’ and Nazim Mamedov®
1. Osaka Pref. Univ., 2. Chiba Inst. of Tech., 3. Azerbaijan Nat. Academy of Sciences

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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Table 1 Physical properties of layered
ternary thallium compounds.

Thermal Thermal Elastic Moduli(101°Pa)
Sample C[unf(uctivi%y Expansion
W/ (m*K) Coefficient C C
R.T) (R.T) Cu | Ca 12 &
TIGaSe, //5.9 /140100 | 542 | 4.37 3.88 1.5
125 L16.0x10°F
TlinS, //6.9 /A11.0x10° | 449 | 3,99 3.05 1.5
144 1256.0=106

* // : parallel to layer plane (001)

DO END, RUFETIR. AYWEIC
B ONFBELEEIRS LGSR E D
BREZHONNITAZ L2 HAE LT,
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Fig.1 Measurement system for photo-
induced deformation effects.
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Fig.2 Directions of the scanning and the
incident pump laser on the crystal
surfaces.

JERA L ZEIE DRI TR 2~ 2 B

12100y m & V7=, Cx 5w (g & TEE) |

R HAGm, BAEA® v O
BAfR % Fig.3 129, Z OFF, WG P IR
o ABAIE60° ICEE L, CHiil & R
THANFEEDOAEE ¢ EEFRL, Kih
BT D ¢ IAFEZRE LT,

—F. AREFRE (FEM) I2Xk5v 3
2 b— g VHE BTV ERE RO B LR
EIToTo, T 2T, EREEBEGTA L
LCHV, B - BVEE A 558 LT-5t
HAEiTo7,

Fig.3 Directions of the scanning and the
incident pump laser on (100) plane.
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Fig.5 Pump-laser intensity dependence of
the photo-induced deformation ratio at
pump spot center.
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Fig.6 Photo-induced deformation profiles
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Fig.7 Anisotropic effect of the thermal
conductivity.
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Fig.11 Direction ¢ dependence of the
photo-induced deformation at pump
spot center.
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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

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

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

required usually. We have found that the divalent emission can be also obtained by laser

irradiation. In this study, the reduction processes in KSrixBaxPO4:Eu alloy system have been

examined and constructed an optical reduction scheme in order to clarify the difference between

the chemical and optical reduction processes.
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Temperature dependence of crystal field parameters in dinuclear Eu complex
[Eu(fod)s]2(u-bpm) crystal

FIR /AT, Kwedi Nsah Louis-Marly
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Nagaoka University of Technology

Abstract  The temperature dependence of crystal field parameters on
Eu’" ion in [Eu(fod)s;]o(u-bpm) complex is obtained from °Do— 'F,
transition energies of Eu’* ion with assumption of the simple overlap

model for crystal field parameters.
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Q0. p) &7 .

Table 1 Cartesian coordinates, p, 5, and Q2 (0, ¢) of the ligands

atom| x(A) | y(A) | z(A) |[RA)| »p B |0 (rad) | ¢ (rad)
Eul 0 0 0

N1 [—0.092] 1.365| 2.113| 2.517| 0.041| 1.043| 0.575| 1.638
N2 | 0.029|—-1.365| 2.113| 2.516| 0.041| 1.043| 0.574|—1.549
05 |-1.669|-1.687|—-0.239| 2.385| 0.050| 0.953| 1.671|—-2.351
06 |—2.281| 0.650| 0.257| 2.386| 0.049| 0.953| 1.463| 2.864
O1 | 1.510|-1.808|—0.369| 2.385| 0.050| 0.953| 1.726|—0.875
02 | 0.011] 0.350|—2.353| 2.384| 0.050| 0.952| 2.994| 1.539
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04 | 2.287| 0.323| 0.597| 2.386| 0.050| 0.953| 1.318| 0.140
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Fig. 5 Temperature dependence of variations
in Eu-N and Eu-O distances.
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