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Growth and Characterization of Compound Semiconductor Films and

Activities of Professional Group of Ternary and Multinary Compounds
- In Search of New Materials and New Functions -

WRKE T2 ERET TR
AR
Takashi Matsumoto
Department of Electrical and Electronic Engineering
University of Yamanashi

Abstract  Activities of “Professional Group of Ternary and uMnary
Compounds (tagenkei kinouzairyou kenkyukai)” are discussed since its
establishment in 1986 in conjunction with “ICTMC?". In the second part, exciton
transfer between energy minimum sites in semiconductor nanostructures is studied
by using quantum well structures consisted of diluted magnetic semiconductor
(DMS) and nonmagnetic semiconductor (NMS).
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Optical properties of dielectric films dispersed with metal nanoparticles synthesized by
sol-gel method and applications to functional materials
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Abstract Composite films dispersed with metal nanoparticles within dielectric matrices are
synthesized by a sol-gel method. Serface plasmon resonace (SPR) absorption spectra of metal
nanoparticles are analyzed using the Maxwell-Garnett model and the correlation between particle
parameters such as size, shape and dielectric constant of the matrix, and theoretical model are

discussed. Several applications as optically functional materials are introduced.
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Fig.1 Dielectric constants of various optical materials in visible region. Open circles show the
materials fabricated by sol-gel method in this study.
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Fig. 2 (@) XRD pattern of the TiO, film dispersed with Au nanoparticles annealed at 500 C.
The solid circles indicate the anatase phase of TiO,. (b) TEM image of Au-TiO, film.?
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Fig. 3 SPR spectra of Au-ZnO (a) and Ag-ZnO (b) composite films. Calculated spectra using

Maxwell-Garnett model assuming spherical nanoparticles are also shown.
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Fig.6 Irradiation time dependences of absorption intensities of stearic acid for the films with
TiO,:Au compositions of 100:0, 95:5, 90:10 and 80:20 for UV irradiation (a) and for
visible irradiation (b), where the absorption intensities before irradiation are normalized as
unity.  Solid curves are the best fitted exponential curves for each composition to

evaluate degradation rates which define photocatalytic activities.
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Composition dependence of photoluminescence from Cu,ZnSnS, thin films
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1. Department of Electrical Engineering, Nagaoka University of Technology
2. Nagaoka National College of Technology
3. JST-CREST

Abstract Defects in CupZnSnS, thin films that have different
composition in the range of Cu-poor and Zn-rich are discussed in
terms of optical properties using photoluminescence (PL). The origin
of the observed PL spectrum was assumed overlapping of two DAP
recombination luminescence regarding [Cuz, + Znc,'] and [V, +
ZnCu+].
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Table I. Chemical composition ratios of the samples measured by XRF

Chemical composition ratios

Sample name Cu/(Zn+Sn) Zn/Sn Cu/Sn S/Metal
A 0.90 1.02 1.81 1.14
B 0.84 1.12 1.78 1.14
C 0.81 1.20 1.78 1.14
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Fig. 1. PL spectra dependence sample Fig. 2. PL intensity and peak energy vs.
temperature. 1000/T.
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Fig. 3. Arepresentative example of the fit  Fig. 4. Integrated intensity of the S;(E),
of PL spectrum for the sample C at S,(E) and fit using Eq.(2) vs. 1000/T
180 K. Dashed lines are fit results (Arrhenius plot) for the sample C.

of S;(E) and S,(E), and solid line is
sum of the S;(E) and S,(E).
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PEATN, @QAREACTT o v T 4 2 72T TR, [Cuzn +Zney], [Vou + Zncy]
DIEMALT F V¥ — % L E 4 38.742.5, 23.3+0.1 meV 2 &L Bl L7z,

4. G

CZTS N KKEHEN. DMK AFNEZ I ST D720, Mk DR % CZTS #fE 4
%@L\%iwﬁéﬁoko%?NVPﬁyyf@m@%mEMM&meﬁﬁf
WTNOH Tt 7T meV RBRETH -T2, PL AT MVOIREERFMEITRRIC &
THERBRSTERD IR E A IBE EFICHEVE 1xw%~y7%%¢é&woﬁfﬁ
LD THoT-, AT MViT 1.21eV (HEIZE—72 283 5 [Cuz, + Zne, IR D DAP
FAEAIE L. 1.30eV fHTIC e —27 2 [Vey + Zne TEIE D DAP FiE &t —
DOERVEVNLROTWLEREL, 74 v T 4 T EAToTMR. EREho
EM b 2L X —% 38.742.5,23.3+0.1 meV FEE L HH L=, LvL, SEIELZ LT
TNATIFEAEO L WY T b dH 0 | FRRIC X > IR O R 72 5o £
TNEBEZDUENHDHIEA D,

VERLL 724 > 7 L33 b Cu-poor, Zn-rich OFLEL T W0 & RO KR HEN. 2 A
L CW e, S%IEZ OMOMEER O > 7 V2 RIE L, KEGENCER, £7-220
AR IR 72 E OB e DRI RN LETH D,
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[#& 8 1Cu,ZnSnSe,(CZTSe)X> Cu,ZnSnS,(CZTS) AN In 7 U — K EEHICRINE O Bt Ofsli & L CTIER %
HEHTWD, BETIE, IBM D ZL— 72K 5 T CuZnSn(S,Se)s (CZTSSe) K5 M T 11.1%A3 R S
TWD, ZAIVECTHEHAILHE—JHEEHIZLY, CulnSey(CIS) L OB E LA 711 35 L OWE 1 K i
(ZOWTHIJEZAT > T&ET2, CZTS R AR B O 5 — FUBLFH R 2009 4EEHDIFF-IT /R Y | FEsiEE
DLEM[L,2]. EHEEL3]. BT KIG[4B5D R TTHoiL, CIS B ELE OEWRE G- T
72, CulnSe, — Cu,ZnSnSe; W9 X 912%tib3 5 2 & T, fhdmtiid, B, &KMo REEN
ZRALT DR D D, £ 2T, AR TITHE —HBLEIRE) S L7 CZTS R ARBAE A £ D CIS Rt
& DI DUV T RIS 2 DR T D,

[Cu,ZnSnS, RILAZRITHMET KM —CIS EDEN—]

Fex X CIS H1D Cu ZEALDOIERTRLF =03 In ZEFALDTERETR/LF—E IR L TSN A2 LT2[6],
CZTS i 4 JTTAMEITH D720, A RIGOTEIA S EHE 70 5, BHDRO @ CZTS #HifEIE Cu-poor
FBED Zn-rich OEFTERINTEH Y [7]. REGEEDOEBURFENIEFICEE TH L5, £ TH LI
(LR T b GRRERIRAEME) 25 B LT CZTS (BT 522 FL(Vew, Vzn Ven V) DB /L X —% LI
TS L72[4], CZTS D Ve, DTG/ F — 13D Vzn, Vsy, Vs ZZFLELLEZ L T/NSWY, LA L, CZTS
28T 5 Cu ZZHIER =R ¥ —I%, R TOBNFHIFEMHIZIBNT CIS DA L IR L T h K&
72®, CZTS TiE. CISDHEIFE CuZEfiTR SN EBX 6N D, £z, CZTS ZMEFTIEZE 4L
TR T FHARRLEE RMGD T ORI B L2 D, T DT 7 F YA MK (Cugn,
CUsn, ZNcuy, ZNsp 55) B L OHE A K (Cuze+ZNncy, CUsy+SNey, ZNsn+SNzn) DIEFRT FR/LF—(Z DWW ThaEfi L7=,
7 v F A KRG Cugy DIZRLT /¥ —{ Cu-poor, Zn-rich -2 H 23030 53, fhod Cugn, Zney, ZNsy
Sncy, SNz EELEZL THOMVRVIKRL | Vo, DIET=RLF —I 0/ NSIpfE bl o7, ZD7-8 CZTS @ Cu,S-A [A:
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713 5[8], £z, HAE KM Cuzt+Zne, (0.39 eV)DIEH TR /LF —1 /&<, Cug#Sne, (211 eV)BLD
ZNgn+Snzy (0.93 eV) & LI L TR W/INEW, ZHEHDHE B)b, CZTS TiE Veu, Cuz, BLUHE S K
Cuzn+Zney D3FFHD KGR L LT WEB 2 DAL, b IERTR/LF—DIRVY Cuzy DRKEERLIZ, Ve,
S L TR Ry TH DRI RS VD[B], £ DT | IRWRIAHERL 2 TERL 9% Cuz, DIERAHT
2 WK MGEN ZTERL T D Vey TR T 2544 T p JED CZTS EAER T HZENEELNEE X HID,
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Fabrication and characterization of CZTS-based thin film solar cells

R TESEFHTER EXE VAT LA LFR, B EIRREREAE CREST
Ffi #5H
Hironori Katagiri
Department of Electrical & Electronics Systems Engineering
Nagaoka National College of Technology

JST-CREST

Abstract In 1996, we reported a new type of thin film solar cells having the
structure of SLG/Mo/CZTS/CdS/ZnO:Al and achieved the conversion efficiency of
0.66% for the first time. Recently, using CZTS compound target, we achieved over 6.4%
efficiency with CZTS films prepared by the single sputtering followed by sulfurization.
In this article, the development of CZTS-based thin film solar cells will be reviewed.

1 IC®IT

BINE « mX VX —IHBERETHLIENEIC L > T, Az TR
THEEL T & 5 K, 372bb, fBRIC féﬁmé’]@é@ﬁ AIREME 2 BRI Z AT KRS
ORI RE RBEENDH D, 2 2 Tlk, BB A D oRaeaa Ly, i
Fib4xJE % B L7- CugZnSnSy (LAT CZTS) SATEMKEHLD Z 4L E TOMFIEBAFE RS
ZRAIT T D, CZTS 1X 12 1I-IV-VIy @ 4 Stk BEWHEEIRT, 3R/ axL T4 b
CulnSe; (LLF CIS)?® Se # S TEH#LL, Z‘ﬁ’)‘jl:#:@ In % Zn & Sn TP dOE# -
MEFCH 5 [1], CZTS OFAERTH T+ 2B & I2F7E L(Cu50 ppm, Zni75 ppm,
Sn:2.2 ppm, S:260 ppm), FPEPMEVEEHEZFF> TS, —J5, CISHO In 8L Se D
i OEA &1L 0.05ppm LL R TH 5 (2],

HEH 51X, 1995 FETAREHOBFFERH % 12

IZEF L., BHEIC 0.66%0 CZTS 2 KB oEMES

TR CII R & 72 DR 2 L 10 | WoavwbHILbx

72[8l, 2 FE T ERFEOUGE L CZTS  ~ SENKLEHSE

WO B L L TSR0 b S 8 | xEmEk e

BT, Eo, KREOMRLE & | eeeeee ® o

B AR (R L, s~y Tl B wuzn @@ .

LTV, Fig. 112, CZTS ZiiEA g | x5—rxexuz) @ ® @

BRI O IR EOHR 2R, 2007 g « 2

EDI, RFFEHERE C O AT L C 2 ¥ % X

WA Z LA, 2011 4ElciE, IBM s *

AVPERE CZTSSe /17T 10.1%]4l, 1095 2000 2005 2010

CZTS t/ T 84%[5l%, £V —F— REE

TarT 4 T 21 FIKBOCEEEES

22(PVSEC-21) D M EER FI2 BT Fig. 1 Chronology of CZTS-based thin film
solar cells.
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5cm DI =FV 2 —/L T 81%DELNREHRE L T\D, ZI T, EEOREAHL
TETWUBIEIC K DB OB & FE AR5,

2 CZTS HEXKBEEmD ER

435 513, SLG/Mo/CZTS/CAS/AZOAL H#i&E CZTS AR Em A2 /ER L T 5, &
WIZIZ Y —HF T A4 25T ASLG) & VY, HHEEM Mo 2% 1um DEATA/y Z a—
FLTW5%, CZTS Ml L CER L 7=%., /Ny 7 7 —J8 CdS ZAiRAEE(CBD 1)
T, &I InOAl % rf A3y ZIET, < UPEEM Al % 52245515 CfEE L CRBEH
ZRERL LT D, EIIIZIE, CIS KBGO WRINE CIS % CZTS IZE A 72 H DT
b5, FHEHIT, BZEREEEIC L5 7) A —YOERLE 7Y I —H DRk & D 2 B
VESLE T CZTS ERZ B L Ckiz, 7 U h—9 L1d, &Rtk CZTS {8t
TWNHDD, A BV REEDRIBKAZ B LTV 5, Tablel (2, 1995 DM
FERAAAREL D 2008 FFE COAMIREICHIT HER T o ADEEL | Uo7 K
B E DB AT,

Table 1 Fabrication process and corresponding photovoltaic properties.

Jatx 1 JatX 2 Ja+Z 3 Ja+tZ 4 Jatx 5 Ja+Z 6 JatER 7
- - - . EBEE-SEBME £ 2\ B-RA
e EORE-WER  CORE-WER  EOMM-WUER oMM comm-mmm o omomm RRZSRS
TIUh—H R T)h—4 Zn/Sn/Cu ZnS/Sn/Cu ZnS/Sn(SnS,)/Cu ZnS/Sn/Cu ZnS/Cu/Sn 5%(ZnS/SnS,/Cu) Cu-ZnS-SnS
HIRRE 150 150 200—400 150 150 200—400 JEMER
ALY AT L IRALYHRE AERE ARE SUSFHr/A— SUSFr/i— SUSFr/i— SUSFy/\—
=@ H,S(5 vol%) H,S(5 vol%) H,S(5 vol%) H,S(5 vol%) H,S(5 vol%) H,S(5 vol%) H,S(20 vol%)
BHRNATUR BHRNAFUR BHRNAFUR BHRNATUR ZHRNTUR ZFRNTUR BRNATUR
Bt IR R 500°C/1, 3h 530°C/1+6h 550°C/1, 3h 550°C/3h 520°C/3h 540°C/1h 580°C/3h
" X o o . " o . o 10°C/min (to 5°C/min (to o . o o, . o
20°C/min (to 300°C) ~ 10°C/min (to 200°C)  10°C/min (to 200°C) 200°C) 20°C) 10°C/min (to 540°C)  5°C/min (to 580°C)

FBREBE 10 2°C/min (to 500°C)  2°C/min (to 530°C)  2°C/min (to 550°C)  2°C/min (to 550°C) - - -

2°C/min (to 300°C) 2°C/min (to 300°C)  2°C/min (to 300°C)  2°C/min (to 300°C)  Natural Cooling Natural Cooling 5°C/min (to 200°C)
BIEFE EPMA EPMA EPMA EPMA EDS EDS ICP
#ARKLE Cu/(Zn+Sn) 0.96 0.99 0.936 0.96 0.85 073 0.87
Zn/Sn 0.916 1.01 1.02 1.08 1.03 1.7 1.15
Voc (mV) 400 372 522 530, 659, 582 629 644 662
Jsc (mA/cm?) 6 8.36 14.1 14.8,10.3, 155 125 9.23 15.7
TILEHE B #REF 0.277 0.347 0.355 0.46, 0.63, 0.60 0.58 0.66 0.55
tILETE (em?) 0.187 0.105 0.128 0.16,0.11, 0.11 0.113 0.113 0.155
EBRHE %) 0.66 1.08 2.62 3.46, 4.25, 5.45 4.53 393 5.74

= CZTSBHIDE TUh—41fER Mo, AZO% BRALKF CARDZE ?ﬁ@mﬁ&iﬁl:;é §J§l§ﬂj'J7J—l"ﬂ' ﬂ?K')’/ZU?{#Fﬁ'C‘
Zn—ZnS~EE HEEOSE Na,SHFRT545%  EhRAS—%E Cu-poor, Zn-tich 6.77%

3 E¥HhE~yS

2004 FLIBE DGR 28 L C, 2530 E7- 91213 Curpoor, Zn-rich #EALEE L
W2 ERH BN TE T, @R % LT 5 72 O ORBELELFH 2 B G023 5 72912,
Cw/(Zn+Sn)Et T 0.75-1.25, Zn/Sn T 0.80-1.35 &\ 9 [V PO L &> CZTS
FeE & WV ERL LT, O ) —X Tk, 7= V=& 3 JRRIREE
W=, FORER., B2 11X Curpoor, Zn-rich O#IFHIN TH - T b Hhlgoskey ViElk
WICHET D Z EH LM E2p oz, CZTS RO VERL LI CR A~ Tk &R R
—TdHDHN, SnJié LT SnS DDV IZ Sn #HV=, 51T, Wlb/KBREE SO
A A= h R E 2 572D 5% DIREEIZEE LT, RO AL, 30 X Rt E (XRF)
WX VHIE LT~ XRF IZEHEMRAE TH DD, TOMELZ iR L7- CZTS YW
ZHAWTKREGEMARER T2 2 &N TE D, Fig. 213, MRS U7 B =R 04044
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L TWD, @RV ERFD 72010, SRR VEIRINIZIR G T D 2 & 3%y
Mb, ZO7Z7 780 BE LW E LT, Cuw/(Zn+Sn)idf 0.85, Zn/Sn 1% 1.1-1.3,
Cu/Sn 13 1.82.0 THD Z LD, Fxld, T EMEcRT 21EMmEE S L <
TEMHRERREE EFEACWND, £ 2C, 2O XK D ZRiEMRk b 28235 CZTS (b s —7
v FERUEET D Z e TERIUL, HiiZey v 7 ARy 2T CZTS i 2 /El ¢ & 2 nlRE
WRNETC D, ZOMERERTEL, 2R MEBBOBLEN O REBRFR E D &R
TE 5,

1.40

1.30

1.20

(=]
€ 1.10
~

0.90

x Efficiency (%)

~1:
= 1~2:
2~3:
3~4:
4~5:
5~ :

X

x

0.80 "
0.70 0.80 0.90 1.00 1.10 1.20 1.30

Cu/(Zn+Sn)
Fig. 2 Distribution of the conversion efficiency

on the composition map.

4 {bE&ME—4% v FEFAWE CZTS FRINE D 1ER

{bFEsmiRk > CZTS (bW Z —7 > b HWT, RF Ay ZIECHEEEZER LTz,
SEM @122 Clx, e &SRR E ThH D Z E NI B E o7z, XRD JIET
L. ZOERBNIIRV 112 Bt E s Uiz, LsL, FRREN ST 1.2V LiFE o
CZTS DK 1.5eV L 0 /NS HFHI Ry R¥ vy v 7o R L, B ERATZH DOD%
BRI DIIINT=6 o7, ZbDZ &0, BBV L D7 2Ry &
ETCIE, g & U Cie T& 5 CZTS FEIRIERI CE VW2 ERI LN E 72 oTe, —
WA AEBEZ —7 > B EFHWT ARy ZyETYERL U 7= EIFH R D 7 — 4 > MRS D
FTIUX, =7y MEEKR ARy ZGUEATT D, Fidt O CIEMSHR A D4
ENRDHDHZ LN, Bxldy—7 >y MR EFEET 20BN U,

HEEE L OMZ RS 3 A > F D CZTS k& »—747~ R & HW., 40W @ RF &)
T4 RO ANRy B 54T T, kgL, FiRL— b 5°C/5r, 500°C3 FefffREr, T
L— bk 5C/HrThHD, XRF TR L7k biX Cu/(Zn+Sn)=0.798, Cu/Sn=1.68,
Zn/Sn=1.10, S/Metal=1.08 TH -7, Fig. 31, v I NANRw ¥ « UETE L=
NDEF-EERE & SLG/Mo/CZTS O SEM 4T 5, SEM 4 K 0 FAH 722 16 ) e
HWTEDLHODO JEPIZIT NI RZEROFAE DD Hivd, ZOHRIEZE FAVT, 6.48%
DFHHH L 682mV OBAMEE 21535 FITAEI LT,
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Fig. 3 J-V properties and SEM image of SLG/Mo/CZTS structure prepared by

single sputtering followed by sulfurization.

5 &

AFRTIX, BAEIEIC XKD CZTS wWilEDO/ERYE L CZTS IR EHLA~DISH Z T L
770 1996 4-241F 0.66% CTdh - 7= ZHshR 4. 2008 -2 6.77% F T LS H N TE -
(6], fifkikiz LD CZTS vl Cazhs K@ 2155 7= 9121&. Cu-poor, Zn-rich #HA%PD
HCd 237 0 B VB CRIARIEE L 72 - AU 7Ze B 7av, #HERFHIE 21T~ 7= CZTS (L&~
—Fy REHW, Bi{fies v TNV ARy X AT 6.48% % 208k LT,

ZIE TOMEHIMC 7 m &t AOMBGIIETFER IS OER L MR TE T, D7
B, Table 1 (ZRT X2, T—FO—EMEIZKRIT D57 bFTET D, FrIC, KAREEIZKS
T A HBCEEOZ M A R S, L, %ﬁ&%%tﬁké@é%ﬁ% I3
gD/ KX v v T OPRR E | pn AT D mfafi st O & 23v& T
Wb, o, B CliIEERmEgtoar X ay N R - ATy FEEE
I D7 HZEN - T D, CZTS 1T 1.5eV FEEE & Bz A Ko e E & U i3
HIZREIZENZ Ev D, KD BAF: pn 8GR A HERCT 5 72 O OFPRIBAZIE ONT Bt
OB S LTI MER D 5,
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o CZTS7T/ SEM Fig. 1 o 80nm
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Fig.1. SEM image of CZTS nanoparticles. Fig.2. I-V characteristics of CZTS solar cell.
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FEEZTOLRIZEL S CZTS RABEMDIER

KEXEABIRLF—ELEHREL 22—
thE %

CZTS 1%, CIGS Ol % RO Zn L IVIED Sn TE XX 5 &\ ) il o Fiki2
Ko THEIEINTZASNVTAZNL (LT AZNLT Y —) SNINETH D, Z OMELO KEGER~D
JEHIE, ERMEHEOFHSIZE > T 1996 FIZFEIES N, &R 7Y —Hh DRy Z LRt
WX DREEE VT, BIEE TICHRE 6.8%DEHNENELNTND D, K TiE, IBM O
WHE T N—T"D% 84% % WE L TEY 2, AR EZRM LY —F—7r 7 ¢ THTIL,
TTEY 2=V TI%EBRDEHRNREERL TN D,

CZTS HIEDIFEZERPBUZDONTIE, T/ RUX— A 708 R T VUK 3% AV &5
Tav ANIEL BT ERTW5D, JiEIL. CZTS e BRI T2l Y e A VX LIRAE LA v
7L LT, ZhE Mo 22— b H T 2 (Mo/glass) EIZAZ YV —EIRIEED L TE®AT L, BE
fiddWTE L AL BiET 26D TH D, HEIL. B TP CusS, SnSe, S, Se 72 LD
TV H—HEEMB L OHEEREER ST 2R L0 THD (7272 L., ZnSe 13T
27U —IRIZH %), Molglass BIZZDJFEHAK (A7) —) #Avra—hL, BT &
T, SO—N Se LEH L7= CZTS (CZTSSe) Mo 725 HEZR SIS, ZHICL>THD
N KBEIE, @ 11.1% OB REERK LT D, 1 LUV TH— T, BN ORI
A E R VERNAR AR L-ESN2 et 2 LCTEABISNTWANR, B RIUrnk&d
CTEHALERYWE THLZ &b, ZNEZEHR D 12D DO+ 705 i L IEE N NE L 2 D,

CZTS ZAMGEMZIEELE Y = v b 71t A TIERLS 5 BLRZEO FIEIC, BRALFHREN H
Do AL, BRRERICHERIE TR A A U EOBRAL TR TG AR T o ]G 15T
Hb, BAMENTTZER ETORKIENBZ 5720, FEOFAZRO STt 7T akw 2 L0
HIEERIZEWNE WS XY v bbb DT, BREICEEND AMPBAT HZ L EDT A
Uy bbdD, KEEMA~DOIGHTIX, 77 RAESRZEHEY v 2 —D 7 —T71 CIGS 4
JELZ DWW T OSBRI IE 21T > TH D | 2004 FIRE SN HEFIZB O T 11.3% OB F %
BTWD 9, CZTS IZoW T, BRALFHEREIC L > THER S872 Cu, Zn B L0 Sn 2 & TeRilEE
REEZ LT 2 FIEPRF SN TEY, T<KEE, T.3%DREERPHRE SN, EEDLH
kD7 1t 2% iz CZTS #EOERICEV A TEY , BIIED L 2 A, 5.6% DM H %
BT D, BRI A TE - CulnSe K 6 & b3 2 & | W MESBEE 2 UET 2 W ER H
% &b, BRI FHERESM O R b 2 BIERF L T b,
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LEMABERROFEIEA —HRRERE -
FEAEHEARME SR %

1. FHAXEER

N LA 28 OF iR A S D KBS E M ~0 BRI, BERNENZELISS, O
FH ZERNCAEAE T DRI LT B/ SN Z & (Mt s eE) , @ B BREFO +100°C LL E S H
Faff D —100°CLL FEVWHIRE B LI OZF ML, b bRV A7 iz 52 L (MEWE) , @FT
TR B O L X O CREL RN E (BAYTREE) 2352, ZAUTINZER Tl A& i3
HAADIE, BETHHIENRDHIL TN,
2. BROEA

BI{ETIT InGaP/GaAs/Ge 1i&z A 236 KA FH HE LTI CTho. InGaP K5
1 3 FEOY 7 th TR M SR BN D=8, InGaP by 72V NEB IR E R D IR SN
TS, ZHUT LD I iR B (10MeV B3 T TR S~108em™®) TIXE I H IIcH b IEE AL £
WEVOEREZA TS (Fig. 1) 3512, 3 OV 7 A Cab Mt HEHRPEIC S DD H GaAs SR/LELT
5. TR =34 100keV FEEE D 1135 1H9E 20D GaAs IR /LB /LN T I L CRATIIC @
DOt KMz 5. 20728, InGaP/GaAs/Ge3 14 KI5 EMITE 100keV 2 DRGIZxLTK
Xlep b ' A R T,
3. BrHAKEEEOBRIRIL

INGaP/GaAs/Ge 31 &2 /L DIEXITH 150um THHN, BEDIZEAEZHS>THNDHOIEFE mEHO
INGaP/GaAs 28:A /) T, TDESIFF 10um THD. ZZT, ZO3EARBANSESTRbLERD
FhE % 6D % Ge HAR & B B\ - B & i 2h SR I 2 B A2 L 2 B RS L 7= (WIHIZ0 312 AMO C 25%))
ZOEETIHERF BRI THLT20, BT LA %7 4V A TTIF—RL T — MR EL B “ Space
Solar Sheet” b [FIIRFIZBHFE L7 (Fig. 2) . ZHLETERD KEGE L SR OREBET U, BRIz T
FDOFHINENC LD 7T 7 DR F DESICL DA O RIEEIEA EHRSND. E5IZ, 20
HEE2BA B /VITBUIRO 3EA BV K0E MU EIEND. Ko C, FHEO KPR SR
B 2S5 28NS TV,
4. SBORY

KB SR ORFEDRONDFHEEICB WL, @RI KEORRE CHD. BAE, W7
TR REAHEE (WO DD IMM) 1255 InGaP/GaAs/InGaAs 325t /L DB 417> Tk
0, RO @R R H L 0D (IR BEEIL AMO T 32%) . ZOH T, B0 EGHRAL
DBNTET D INGaAs7h R A7 BV O SR IEO M &\ EAGRBECTH D, s, N TARIDIES)
THEFESIT CIGS KBGO TR R L) THY, THER AL L 'L EBLG
FREL D, 512, T — V(LA MEI NI TFA MK B MO AT LA S A HEE T, w2
SR L i A R O R FEBL A A0 0,
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Fig. 1 Typical degradation trend of InGaP/ Fig.2 A photograph of “Space Solar Sheet”

GaAs/Ge triple-junction solar cells. In this case  developed by SHARP. InGaP/GaAs dual-junction
10MeV protons were irradiated to the cell. thin film solar cells are utilized in the sheet.
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CdTe KFGEMIZISIT 2 I —AR Bz H 720
CdTe J§~® Cu R— & v 7iEDORF
Cu doping of CdTe layer in polycrystalline CdTe thin-film solar cells
without using Cu-doped carbon electrode

AR TEFHEMPR BEXRETF LR
A PR, AR sm T, SRS, NI R
Tamotsu Okamoto, Ryoji Hayashi, Shigeki Hara and Yohei Ogawa
Kisarazu National College of Technology

Abstract Cu doping of CdTe layer in CdTe solar cells without
using Cu-doped carbon electrode was investigated. Cell performance
was drastically improved by heat treatment after coating of
Cu-doped diethylene glycol monobutyl ether (DEGBE) as compared
with the cell without Cu doping. Capacitance-voltage (C-V)
characteristics revealed that acceptor concentration increased with
increasing the Cu concentration in DEGBE. These results suggest
that Cu atoms are probably incorporated into CdTe layer as acceptors
by the novel Cu-doping method.

1. IZU®IC

CdTe KFSEMIX, CdTe YEWRINE 2340 1.5 eV & KIS & U T i 72 256 Him 2 A
LTEY, L7 A CTEBICERTX 2 220 b, Ko X F TERIRRER K
B e L CTALETH D, kD CdTe KB Tl —#%mc, EmBEMIC Cu 2R
MU= —R U EmBE AV, ZNnEBULEES 5 Z & T, CdTe J§~ Cu LBz T> T\
721 CcdTe J@~d Cu F—t > 7% CdTe KIEEMORIEIC KX 0B % KIET = &
RS> TWA Y, LvL, CdTe KBEEM A 244 R KB SBT3 72
DICEAEEEME AV AEAC, 7 A2 FL— N CdTe KEEMOEAIZIE,. =
DH—iR v EREEMZ AV CdTe B ~D Cu IEEAZ1T9 Z &N TEX R\, KiFZET
%, Cu sy —aR v BEEmE A2 W77 Cu R—E > ZIEORTFZIT> 72D T
W15,

2. EBFIL

YERL L 7= CdTe KB5EMIL glass/ITO/MN-CAS/ p-CdTe/l— 7R B &\ 5 M4 A L
TW5, CdS &g bicirsz5- 5L (Close-Spaced Sublimation  (CSS #£)) 2k v CdTe
YUV 8 DRI 24T o 72, FEARIREE X 595°C, Y — AIRE X 610°C & L7=, 1 Torr £
BEOT7T VI UEFHST T, BiE Y —2% 2 mm & TEBESS CEA4T 72, CdTe
JEOEZIIK 8 um Th 5, CdTe A HE% ., CdTe BOEMELDT-$HIZ CdCl,
PR A AT > 72, CACLIRHKR % A B —% W CEAR L7212, 415°C C 15 4y [ ZLEE
EITo 7,

ek D> CdTe KB TlL., CACLAHZIZ Cu R—F L= —R U BEE A7 ) —
VERNZ L VIR L, Cu % CdTe BIZIL S H D72 DIZELBE 24T > T e, AEl,
Cu R—=7"H—R B DOPLEIC 5 CdTe @ ~D Cu i Gt s LT, Cu i
mifzvy=Fv 7Y a—E /) 7F/)Lx—7 )L (DEGBE : CgHig03) % CdCl, ZLELT%
? CdTe @~ &40 L, VLB 41T > 7=, DEGBE IZEMIEKAH D —HR v ~_X—Z |
DARAI T 5, DEGBE H D Cu JFEIDIRFEIE 25 ~ 200 ppm D& TZE /L S+, Cu
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YEHR DT 6 OEGLBE AR 1T HEE D Cu
R —7" % — 7R v BRI % 1% D ZAALER
EIRSE (325°C, 1574y) & L7=, &
ST, kD Cu R—7H—7R L EM
A4 % CdTe KFGEM & Dk 21T
I T=DIZ, Cu ZHIML TV —
R EEEMREB X ONAg EMRE T L
C CdTe KEEMAERL L 7=,

CdTe BDO 7+ FAIxvtEU R
(PL) A7 MV %R 405 nm O
KL —YERERE L~ VT T
¥ U QRfaR b= AH
PMA-11) Z#HWT, 6 K THIE L
7=,

CdTe DT 7 & 7 % B (Na-Np)
Z C-VIEIZ LV #HlE L7z, C-VHIEIZ
I LA D n-CdS/p-CdTe #4 %
WTCTERTHE L, CASEDF ¥ U
YEENTFSICRKREL (n~ 108
cm?®) | ZEZ @i CdTe MINZ DIIEN
HERELTT 7 v RBEENSAE
Ked7-, JEME 10 kHz & LT, DC
INAT AELEE 0 ~ -1 V O#FPJHCTE
fLEETHIE LT,

3 BEREBLIUOELE

112 Cu K—7 DEGBE (Cu &
J£ .50 ppm) 2L % Cu R—E > 7%
FAWTHERL L 72 KB EEHL O |-V Rt &
Y, ZOKIZIE, kD Cu R—7
1 —R L EME AT 5 CdTe K5
BLXO Cu F—=7%1T-o T\
CdTe KEBEMD 1-V Heikd i TR
L72e Cu ZIRINL TWaWIGA &t
KDFHEIZELY Cu F—F LIS
35 &, BREREE Je B LW
BAICEEIT Voo 2SKRIEIZEE L TV D,
*7-. Cu F—7 DEGBE #H /-
AlZH, Cu ZIIML TWaWga &
Ll 35 & RS I Jse 35 KON
JCEEIE Voo DS RIEIZEE LTV D
DOFERIL Cu K—7 DEGBE # %4 L
TAMZE+Z 212k Cu 2
CdTe BIZ F—Y /a7 L#E
bbb, LrL, Cu K—7 DEGBE
ZHAWESEADIN I —T ORI LY .

-
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w
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T T T T T T T
Conventional cell with
Cu-doped C electrode

- heat-treated after coating of
Cu-doped DEGBE (Cu: 50ppm)
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A=y ZBMDEIL TR L (a) without heat treatment
LD, TIVUIEmEEMIZ Cu 2§ —  (without Cu doping) =
LTCWARWI—REmE AT ) — !

FIRI L, R&H CTrefge (120°C, 60 77)

LEDHTHHZ LIcEVF—3 vy | 1mwfﬁ/\\\\¥ -
BB T RN EEZ BN D, o — th L -
2 GCK%%@%}’I‘%@ DEGBE EF'O) eat-treatea witnout coating
. — of Cu-doped DEGBE -
Cu IREMKRIEMEZ T, ZORNLE, (WithoutpCudop!ng).

Cu N—7" DEGBE %4t O EMILEL|Z K B !
V. KEEEMEENGELTBY, 2 -
DFIEIZ LY Cudd CdTe BHizHEE L
T~ EMRBEEINS, £7-. DEGBE
D Cu N 100 ppm LLEIZR D &
BHSHHRIMET Lz, 2D &b,
Cu ZiE NG 5 & KE5mE s
NETTHZE0nbhol-, £7-. Cu
TREENN 50 ppm BRENKE THDH I L
Whnoi-,

Cu RF—7 DEGBE 2k 5% Cu F—V
VITEOREIR O NNIT D202,
Cu F—~7 DEGBE % %&Af L 2L 24T
S>7- CdTe BO 7+ LI px v kB A
(PL) WIEZIT> Tz, K 31T PL A7
kL0 DEGBE 1 Cu J& Bl A7 % 7=
T, ooz, @) Cu R—7 D7
D OB 24T > TR W EREB L O B
(b) Cu F—7 DEGBE # %:Ait-"I2 %k e
LB 44T 7= 30E  PL A< kg, | () Cu: 200 ppm
R CRLTz, 775, @), () OR
BHEX Cu R—Y v 7 %24To T
CdTe 8 Cd %5, Cu F—7 DEGBE (Z -

(c) Cu: 25 ppm

) ]
(d) Cu: 50 ppm

PL Intensity (arb.unit)

L ]
(e) Cu: 100 ppm

&5 Cu R—v 7 &ilksHi- CdTe Jgd . T 7

PL 222 MiE, Cu R—r 27 %47 700 800 900 1000
Dipinolob DL | 147 eV RSt Wavelength (nm)

(~840 nm) DOFRFEENRA L, 1.42 eV ¥ 3. PL A% ~/L'®®> DEGBE
HH7(~870 nm) DN KL & p o T2, M. D Cu & e (R T "

1.47 eV R TR R EfL 7 E DR
Balo B L TN D & OIENRR SN TWD D) 1.42 eV FEH1E Cd 27L& Cl DS
RBEZEK L7234 95 5 UNECUueg T 7 B 7 X £ Clpe RFIZED RF-T BT H
7 (DAP) Rt & DHENRENTWS D, 147 eV FEL#EDOIIERE DK T3 £ 5
< Cu R—EUVTIZLDRMBEEDRBIZLD EEZBND, Cu R—E 72k
B E N SGE LT DIIKEEEMER L7z72d EEXx b, S 5HI2, Cu BE
25 100 ppm LA ETIX PL BEEHRENE T L TWD, 2O L LV, Cu zEEEIC F—
BT 5L CdTe BOMEMNMET L, ZOMERGEMAENME T LZEE X0
%,

4 C-VIEIC KL VHIE L= CdTe BIZBIT 2T 7 &7 X B E 4541 DEGBE H' D
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CuREKRFMHZ 77T, ZOKIZE
e, T U7 HEET CAS/CdTe
St b B BRI [ ) > THEN
LTW%, &HIZ, DEGBE o _
CullERMMNT 5 &, 72774 g
BRENEMLCND, ZofERIT, £

. e N o 104
Cu K—~7 DEGBE Z & L CEJL =

AR Z L2k Y Cu s CdTe & Z<
W7 772 LT R—E U7X

105,

Cu: 200 ppm "/’ !
7

e
o

Cu: 100 ppm_

Cu: 50 ppm /'l

NTNWHZEERLTWVWD EEZ Cu: 25 ppm
%ﬂéo 13
10 | . | | .
0 1 2 3 4
HEE
AWFGEIL, e —-pEEHE Depth (um)

RO B % HE (NEDO) (MHi— % X 4. CdTe BIZBIT DT 7 &7 X HEE
SR GE R TR 4347 > DEGBE H' D Cu Ji# FE{R A
JEFEEBARMIFEPHTE  (FBTR KRS ot = BRI e L R (i < ) AR =R e A — 1
AT VKB ERMOVZERRE (R EMIEREAN) (B B TERT) 1.
2011~2012 4R ) DOZEFEE =T TEM L7,
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W bIEIC X % SnS EERER & SnS KB DO FAE

Growth of SnS thin films by Sulfurization for SnS solar cells.

FOUERLR T AT FErkts/ 2 T2
FARE, AE B, kSR REE FEE= FHKE, ZLpE
T. Hiramatsu, K. Hisatomi, H. Nagayasu, S. Mori, T. Hirano, T. Shimizu and M. Sugiyama
Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science

Abstract Tin monosulfide (SnS) has the potential to be used as a low-cost
absorber material for applications in thin film photovoltaic solar cells. Sn
precursors, deposited on soda-lime glass substrates using RF sputtering,
were sulfuized by S vapor at 150~540°C. Single-phase-SnS thin films were
obtained by sulfurization higher than 350°C. We fabricate SnS-related solar
cells conversion efficiency of 1.4%.

1. IZIL®IZ

BE, KEEEMmAEE LT Cu(ln,Ga)Sey(CIGS)X® Cu,ZnSnS4(CZTS)D E At M OHF
ZEBARNEA TS, TIHIXKBEEMIZE U7 U & 256 I 2 FFo 08,
CIGS (348 In, Ga RAFEILH Se 5 te, F72 CZTS 1T 4 TALAEWM TH L 72D
RIS REECTH D, — 7. SnS 1XFEWIERIURER(>10%) & KB EMICE L 7= 255 # 8
[MNzFEH, FEESHEFICEFITAEL, BEREAMMPDR, 2 bEMTH L=
(SR N RS Th D, ZD72d, WHARKGEmAMEE L THffShTnsd, L
22 L. SnS KEGFEMIZISIT D MR HEm AN RIL 24%RICEE>T\D, £DERK
1% SnS DFEPNEIC KRGy NS D ZEith b, £ THLIE, SHEZH
WK a A R CILEMRFALIERICIIT D SnS O K EmAE D4, SnS Ki5&EH
DN KT T A4 A2 FOMEH3]. PL HIES % HV 7z SnS IO KKaOFHA[4] & 3
DT MIBWTHIEEEIT> CTE 72, AENIMALIEIZE T 5 SnS Ok E RO
TIZHOWTHET 5,

2. EBRHE

RF~Z7 % ha v A8y ZIEIC
KO —=ETA4 LT AFME Reactor
IZ Sn % 600nm F&FEHERE X &
Sn 7'V A—H & L, D%,
ST & LTS HREME, Kb
¥ N, HAT7a—|CFEHE Sn 7 L
H—H % T =—)LL SnS ZkE
SHETo, BAESIRE, BARRFH

0~40 47, FifbiiE 200~540°C Precursor
RS, Fo i EHT o Sample

W XRD #I7E, SEM #lE & T

EDX & %47 - 7= Fig.1 Schematic diagram of sulfurization equipment.

26



3. EBRHEREROELE

FALIR 23 2 SnSO LR

Fig.2 |2 XRD /3% — > % FEICHERL
L7=. S-rich FIZEIT 5 SnS AR
DOWAIREIZ T 2 Bl A 1 =X A
g, IKERRE T, e
MEEICL Y SnS BNkET 25, &L
REIZ7e D L A TH D, SnS,, SnyS;
e S ORiEEZST L, SnS AET
%o & o T Srich FTIE, BFENE
FELTLEY WO BERD S,

Fig.3 (ZHALIREE 350°C 281D S
PREICXT T 5 SnS AT D XRD /84
— &Y, S MEMICHES . B
FH DR DI 3R T X b,

F7-. Figd IZHfLIEE 350°CIcE
75 S WiEEIZKT % SnS R DR
il SEM % % 7~7, S im DA E
5. FHAFHMEOWEN R ST,
PLbEXy ., SHHEED, liET 5 SnS
RIEEMITEEE 5 2, 12D
DOHEINFRETH D EEZXDBND,

4. FEim

@ﬁ'ﬂﬁﬂfﬁ Sn

@ Il

200°C SnS

@ I

250°C SnS ,
i) L Ls)

330°C Sn,»S;
i) Lo L)
400°C SnS  |eeeee
T SnS,

Fig.2 Schematic diagram of the reaction

SLG MK FIZ RF 7 R hr oy A/ 8w &
HEEHWTHERE L7 Sn A RT7 A4 7'
Y 22 X B biEE V., SnS IR A R E

Fig.3 XRD patterns of
precursors as a function of Sulfur flow rate.

Sulfur flow rate

170 £ mol/min

50 ¢ mol/min

sulfurized Sn
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pathways of SnS as a function of
sulfurization temperature.

" (b)170 1 mol/min

Fig.4 SEM image of SnS-related thin
films grown by sulfurization of Sn
precursor at (a) S50umol and (b)
170umol and (b) 350°C.



L 72, SnS I%,S-rich FIZHRWTIX, SnS,. SmS; I L, lETHEEZ NS, F-.
SPREAIEIZ LV, ET 2 SnS RLAMOFHOHIEINFIRETHDH EBZXONZ D,

HiEE
AW O—ER1X, BRI KT AR G T S A ARFIEER . KB 3EE
e, BL OV ) — v & —T7 5 4 —f3e v ¥ — O 2521 T 72,

B R
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EL 1T X % CIGS Ky oD # - U 20 5 0 3
Characterization of Electron Induced defects in Cu(In, Ga)Ses Thin-Film

Solar Cells using Electroluminescence

FHMZZH U TR AFJERH A w7 v — 7
JIHE 2B, A% K, M ZE
PEZERATRREMIIERT  RIGERE LA & —
AR B, EHOE, RO
NUYSRVANE I L Y e e
B fE—

Shirou Kawakita, Mitsuru Imaizumi and Hiromasa Kusawake
Space Power Systems Group, Japan Aerospace Exploration Agency
Shogo Ishizuka, Hajime Shibata and Shigeru Niki
Research Center for Photovoltaic Technologies
National Institute of Advanced Industrial Science and Technology
Shuichi Okuda

Radiation Research Center, Osaka Prefecture University

Abstract CIGS solar cells have excellent radiation tolerance, however the
origin of the radiation defects in the solar cell. Therefore, we investigated
these defects in CIGS solar cells induced by low energy electrons, enabling
the type of radiation defect in the solar cells to be selected. The
electron-induced defects were characterized by electroluminescence (EL),
which is a powerful tool to analyze radiation defects in semiconductors. After
250 keV electron irradiation of the CIGS cell, the cell illuminated uniformity
compared to before the electron irradiation and the observed grains were
unclear. In addition, the EL intensity rose with increasing electron fluence,
meaning the change in EL efficiency may be attributable to the increased
likelihood of non-irradiative recombination in intrinsic defects due to
electron-induced defects. Since the phenomenon of light soaking is reported
for CIGS solar cells, the 250 keV electron radiation effects for CIGS solar
cells might be equivalent to the light soaking effect.
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1. FLwic

CIGS KiFdEml, MR KEGEMO T T FLBAENEmNZ L, 7%
TIVEEWRICTER T 2 2 & TRE(LDOFMAREEN R TH DL Z &, FHERE
(2B T DB RRTER m DN 2 & D, RO FEHHA KRB ERE LRKE <EHR
ENTWD., BiZ, HEBRmMEOm 81X, #ETo R REBR 72 T2 <,
FEFHRREICBIT 2 EFFEFERICBWTHEEH STV A1l

Z @ CIGS KBEEM ORI L 5%101E, CIGS AR LT RF—F A 7
72 Incy 7T YA RRMBICEDHDOTHY, ZOREIEILZ OXRIEDIEER LT
W Veu Kfa&EfEAT 52 L TEXICRIEMALT 5L, ZOAH=RLE
LTEREINTWA2L 20 A H=RATx L TERIIZEH VDL DOHE N
H5HH, CIGS HIZFKFICEK S A MMOFEE (In 7217 T2 <, Cu, Ga BL
O Se) DITCEH LRMN G2 D BEOFEIZ OV TIIHER I TR,

% 2T, Fx L CIGS FUTEINAIC R 2 AT 5 2 &3 T&E 5 1 MeV LU T
DB RS E 2 AW AR X 252 1T-o T . Zhic kb,
CIGS fEft I E D Koz AT 5 Z LN TE, ZDOXMA CIGS KiEH D
PEREICRIETHEBZMET 22 22XV, MREAIKT X2 BHEKOERD
fRPAMNAIREL 72D, ZNE T, OLDOKRMELEK T D Z LN TE D 250keV
DEFROBKRREIT o7, ZOFER, CIGS KEGEMOESMERZINT S
% X9 IR CORBRAER L B2 0, REWREBLFEOM E, v U TR
EOBMMABHI SN TWAIS]. ZoZ s, NG+ 5 KM%, B
BRI TSR XGTIXRNEHEIND. 22T, ZoXMBOMES
B ST A 701217 -7- EL (Electroluminescence) 12 X 2 FEAfhfE Fl2-o 0
5.

2. EBE

BROBKNRBRITI2 v 7 707 MIOB ISR E AN TTo72. 20
NNig R D AHR DO T 7L X —#iHIL 60keV 205 500keV TH 5. 7=, WEER
BFIXEZETH Y, CIGS KEFEMODOET =—/ L2 L D PERERIE 215 < 7=, RIK
ERICEVY TN BB TREBZ1To 7. IREREEIX, EFRREET#IX
120K, & -HRIRE I3 K 150K TH - 7.

Z ZTHWEKBEERIL, CIGS J8 % 3 Beptikic TIERL L 7= CIGS K& T
b, ToEIL ZnO/CAS/CIGS/Mo/SLG, [Gal/([In]+[Gal)ix 0.4 TH - 7=.
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CIGS KIGEMOMERERMMIIE, IR RTZEAT =— W LB <T28
HEERZRIZEDOSCT, o7 unbd EL fﬁ%YﬁUETé InGaAs JR4 1 A Z
kDA A= T, BROVNUSHERZ LD AT MV ORIEEIT-T-.

3. MRBIUEBL

RIS AT CIGS KGEMO EL B4 X 11277, =i (X)) TR
E%mQW@%tkﬁém RIREREE FI29 5 2 & TRUR OFEES B S .
Z DREERIZ DWW, BUNMEIK TOFHI AL /2 50, BF 5 < CIGS O
ﬁﬁfﬁ&vﬁk%z%hé.&_,@%ﬁ%%ﬁbtcmskﬁﬁm@EL
B &K 212~ 7.

(a) PRETRT (b) PRI
X 2 ®EHRBEIC XKD CIGS KiGEMO EL 02 . JIEIEE T 120K .
BB O MRS EIT 3X 105cm 2.

BRIRAETO EL &I, M1 LFES, BRROBERNBIHI S, £-T0RE
WIRPTHITH D ZENTND. TR LT, EFReREd 5L, AKX
SR AEMIZIAA Y, RRROBARD R 72> TS DR300 %, £7-, EL
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BEEE N AR Ko THMT 2 2 L 28I L2, ik, BRI X
S TRAE LRGN, BEMEOIEFICHBEET O L RO RMEMET D2 LIZX
0, BIMEOH/BEEENEML WD b0 EEZLND. ZNE TIZAT R
NX—OB ARG EL ST, v U T7REOHEINE L OYERELREICE
i7 % Roll Over DILENBLHI SN TWD. 2 Z THH SN 7z EL 3tons &
DT, ZIHOBIEIT CIGS KB OSEME DR OBIG: & %R —FH L T
5.

Z ORIHNFIL, CIGS FOMELRERMETH D Ve Ve EERMBIZL DB D
EEDNTWAI]. Zd CIGS KM O KIREZIFR &, KRR T 250keV
BRBIREOEEN T E2 00, AUAD=XLRHERSNS. &L
D EEM 7L B BRI K D EERFHI 21TV, A=A L& L T <.

4.  FEW

CIGS KB DS HRIZ X 2 BRIEREDIK N L O ORIEHE#ED X 7 =
RO T, B KRG EEEICEIRTE 5 1 MeV LT OEFRBE %)
RIZHOWT ELHIEIC L5247 - 7=, ZOFE, CIGS F OO %2 1T L X
19" 250keV OEFHRIE, TXTOXMEEAERT D 1 MeV OEFH0B IR
FRBROFER LB, ELBENSENT LR onol. £/2, ThETO
AT R —DOBEFRBEIZL - T, v U 7REOHINSCEERELRED
Roll Over OUENBIHI STV D, b OB5E, CIGS KB5EH O Y&
PR EFEN T EZ LD, TOAD=ALIFLTHDZ ENHREN
5. A%IE, EERFHEIC AT 72 EBR ATV, KBGO A T = X LD
M TR 2 D T <.

2% 3R

[1]S. Kawakita et al., Proceeding of the 26t» EUPVSEC, Humberg (2011) 210.
[2]d. F. Guillemoles, et al., J. Phys. Chem. B. 104 (2000) 4849.

[3] S. Kawakita et al. E-MRS, Strasburg (2012).

[4] M. Igalson, et al., Proceedings of the 25" EUPVSEC (2010) 3436.
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CIGS KBFBEMIZMIT 72T ENT 7 R Zn-Sn-0 Nv 7 7 i F
Growth of amorphous Zn-Sn-O buffer layer for CIGS solar cell

VHCRCERARLRY: RO TR /B T
oRfAfE D A Y. A2l Y
S. Chang", K. Ishikawa ", and M. Sugiyama"
D Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science

Abstract  The fabrication of Cu(In,Ga)Se, (CIGS)-based solar cells using
amorphous Zn-Sn-O buffer layer grown by RF sputtering have been investigated.
Amorphous Zn-Sn-O is expected to improve the short-circuit current in the solar
cells owing to the absence of grain boundaries within the amorphous layer.
Amorphous Zn-Sn-O also have large bandgap, which can be controlled by
controlling the ratio of Sn/(Snt+Zn). A solar cell with the structure
ITO/Zn-Sn-O/CIGS/Mo/SLG was fabricated and its performance was estimated
by IV measurements. The short-circuit current for cells with a 200 nm thick
Zn-Sn-O layer was found to be higher than that for cells with a CdS buffer layer,
used as the reference cells; however, the conversion efficiency of Zn-Sn-O-based
cell was comparable with those of CdS-based reference cells. These results
represent the possibility of achieving a Cd-free CIGS solar cell.

1. [ZIC®IT

BITE Cu(In,Ga)Se)(CIGS) KIGEM DN 7 7 @ & LT, {LFHRIRHEFE(CBD)EIC &
VR L7Z CdS BN EICHWHN TS, CBD-CAS 1IZ1%, L DFLENRH D H DD,
HE@RCdOEa, HMERy 2y 7R POMBEEZR L TWD, &2 THAIZ
REMEE LTTENL T 7 2K TH D Zn-Sn-0 ([Z7EA L7z Y, Zn-Sn-O 1% ZnO
& SnO, DENGRIZL ST R¥ v v 7 PR EOEFELHIET 5 2 &0
T& %, RF ANy ZIEIZEY Zn-Sn-O Ny 7 7% kET 5 LT, REAWDD
RWILEAHERA L OfER NI4T A LAy 77 EBORENTREL 5,
F/-TENT 7 A Zn-Sn-O ([TITFE SRR DTELE L7eW=d, Ny 7 7 BN THES
NEXIZ< WEEZ B, BUEEOR EX#IECTX 5,

AMFFETIE, RF ANy X iEEHWTY —X T4 5T A(SLG)H:M I Zn-Sn-O
HRZRE L, st eia L7z, 72
ITO/Zn-Sn-O/CIGS/Mo/SLG ¥ @ Zn-Sn-O
Ny 7 7@ R Lz KEELORIEL
1ToTm AN ZIEZEL DNy 7 7 EOE
XY, EVOERTREEN KT A4 7
222720 X0 IS CIGS K5 EH
IR TCE D EEBE I OND,

2. RBRI7ik
SLG MR B2 RF ARy ZiEIC LY
Zn-Sn-O W& plk Lz, BlEHET), RF
N — R OBEE 2z b & pkidk L7zl 26[deg]
(2% LC, XRD I, SEM #1£%, EDX #l]  Fig.1 XRD patterns of the Zn-Sn-O films
as a function of annealing temperature

XRD INTENSITY [arb. units]
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TE. VURSHE 2 T WP OHIE K ONE R
W € & AT o 7=, F 7= ITO/Zn-Sn-O/
CIGS/Mo/SLG #E D L 23 0E L IV BIE %17
>72,

3.1 Zn-Sn-O % fEE XRD /X &% — >

Fig.1 1% 7 7 A 7 54k | Zn-Sn-O % N,
7 =—)L L= ED XRD RXZ — R, T
== VBRI — 7 PR TE M b L= B
AN ENLREROEENT ENLT 7
ATHDHZ MR LTz, ZNLED, Ny 77
JENTDOX ¥ VT OFEEHPBDLTHEEZ
5D,

3.2 Zn-Sn-O JEEDOWLIL AT KL

Fig.2 |2 Zn-Sn-O JHEEDWIL A~ I L& 7R
7, Zn-Sn-0 O/ R¥ ¥ v F(Bylx CdS D
Es4eV) LD KEWizh, Ny 77 LT
CIGS KBFdEMIcE L TWb EEZ b5,

3.3 HRHTR O AR AR AT

WIZ, RFE NU—LENZELSETHEL
To R U, PUERSHEIC X 2 IPURAE 217
-7, Fig.3 |2 Zn-Sn-O OFARLEIZ I 1T B #E
P71 v k&7, Zn-rich (Sn/(Sn+Zn)=0.33)
DYt ZnaSnOs DXL & 720 | REULEN &
< > T WB & 3E 2 5 i, Snrich
(Sn/(Sn+Zn)=0.67) D¥5H . ZnSnOs H33CRLHY &
R0 EPIEMELS o TV B EEZLND,

3.57Zn-Sn-0 /N 7 7@ x= Ao L ORE
FofER LY RF ST —50W, JE£ /) 0.2Pa, &
J&  200nm ®» & fF T KB L &
Zn-Sn-O(E=3.76eV) /N v 7 7 J& % H . T
ITO/Zn-Sn-O/CIGS/Mo/SLG ##i& » & /v % 7k
L7z, Fig4 IZ Zn-Sn-O Ny 7 7@z Huwict
NDIN I—T%mRd, 2k D CdS Ny 7 7
ExE AWzt Ll L Zn-Sn-O Ny 7 7 fE

W2 BV TRI%ZRBR /O, T,

TEINT 7 A Zn-Sn-O PNEBICITAE SRR 23 F
TE L7220, bk S 31T 5 e s & 03
WLz bickbeEZzbND, 2. Bk
BEDK T bR SNz, ZHITRET D AR
v BB A= X0 SR E ORI OT
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Fig.2 Absorption spectrum
of the Zn-Sn-O film
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Fig.3 Resistivity of the Zn-Sn-O films
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S5AL. pn REOSENEL L2720 THDHEEZLND, TNHORIY, ARy
BHEA—=T BT HZE. B LLIFEAVIEZRILEF—TCORENRLETHD EBE X
bivd,

4. i

RF A8y ZIEX D 7TE/LT 7 A Zn-Sn-O RO E # 1TV, RF /XU — ZEES
AL ERDZ LKV, Sn/(SntZn)E L4y R & HIHE L 7= Zn-Sn-O EIKE O SR 53 ATRE
ThdI MR LIz, Zn-Sn-O Ny 7 7 Ex HW\W-E/WZBWT, CdS Ny 7 7 )E
AW ERIERNRNELNTZ, LOLAENRG, ZOBLVTIEANRNy X E X —
UHRFINEEZ ONLAKEEOR TFRERINTZZ 0D, KK xLF—TO
Zn-Sn-O Ny 7 7 BORENMLETHDH EEZ LD,

BEE
AWGED I, BARER KT AW e R T A AFSEERY . KGR E
FEf, RO ) — o &b —T7 T 44— X —DEEZ T,

25 3k
1) H. Enoki, T. Nakayama and J. Echigoya, Phys. Status Solidi A, 129 181 (1992).
2) T. Minami, H. Sonohara, S. Takata and H. Sato, Jpn. J. Appl. Phys., 33 1693 (1994).
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Recycling for other applications from KCN etching of CIGS thin films

SRR RRF/ELT D, HEK A/ Y
SRR DY, HERRRG D, FERIRENE Y, BREESR Y, ke )
RIST, Faculty of Science & Technology, Tokyo Univ. of Science,
RIST, Faculty of Science, Tokyo Univ. of Science ?
°R. Shoji"?, A. Fujino", R. Shoji", T. Akitsu” and M. Sugiyama"
E-mail: optoelec(@rs.noda.tus.ac.jp

Abstract Cu(In,Ga)Se; (CIGS) thin film solar cells have been investigated and
became applicable for resolution of energy. KCN treatment has been commonly
carried out on CIGS optical absorber layer to remove surplus CuSe in reaction in
order to upgrade the performance of solar cell. However, due to KCN is toxic,
liquid-waste disposal is required for environment protection purpose. Various
materials have be evaluated for collecting metal residues from the KCN treatment.
Since elements in Semiconductors have high purity, products derived from waste
solutions of KCN treatment can be high quality materials and they may be use
versatile application after recycle. In this study, we propose developing safe
procedures for dispose waste solutions of KCN treatment and the way to recycle
products derived from waste solutions of KCN treatment.

[z ®»IZ] T, =X —REER OO DFEE L LT Cu(In,Ga)Sex(CIGS) 7K
KEFEMOIFIENED S, RSN TV 5D, CIGS HIFEE OB, FifIZ CuSe
MAER LT T v 7 AL LT ERESEORRRILZRTZENMmoNTHDH 00, K
B CTH LD KGEMFHEICEREZ 525, —&IZ, KGEMRER L7
CIGS Y& UE Iz % LT KON iR &= VWi v F o BN T T\ b, Lo,
KCN I[IHE#HTHH D, BREREOED

. _ . s Stepl
SLRBPEO R VBRI BLETH Do % ColI;ecting CuSe KCN etching
7= AR IR RN O T 7> & AR R % fh D b (KCN+Cuse)(CIGS ]
BtE I TFi A L L CRIAEETH 5, —MCI, (M=Co or Fe)
[ 1

ihfx Na /l) Z]“/%Wlﬁﬁsgﬁg%%ﬁfﬁ%ﬁ | K3 M(CN [Cu2+ Sez_]
AT B A, EER TR A MBI i Step3 Step4 . _ Chelating

S e o Collecting Cu?* Collecting agent : L
DIcHTy F U TREERNORE LTEWE Sel” [~ — le—cdo,

2+
TERERFERBAE LN YA 7B IR (cuL,1t) (case ]
[cuL 1 MEN)G])

WHIEBOER N RIAD 5, RBFFE TIX
KCN — v F U VEROAFmMHERET S
ZERBIOELNAERMOY YA T

Fig.1 Scheme for a model system
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HiEzRaT 5 Z LR E L,

[EBRFE] — v F o IOl SEER A
HRMNBILEET D720, RF ARy ZIEICLY
Mo kI Cu ZHEfE4 . Se {b L CuSe j# 4 pl
SHTo, FOEBEITREA-Twt%) « FEHKIRFE
(3-70°C) * F§[H(1-10min) & 25 {b & & 7= g ¢
KCN = > F 7 %47V, £ DFERRIZ Fig.l O X
5 7T N, Cu?™, Se® ZMEIC /B - bR
L7z,

[fERKEO#EE] Step 1 TIEEMTH S CuSe
DIREZEAT O IZHT- D (KON K O 54 % gt
L7z, Fig.2 i% CuSe D= v F > 7IZE1T % KCN
R Z R LK TH D, Fig2 LY KCN
BEENED@~TW%NE S Se A BN RKELLE
fELTWATD, =y F U TIC LB NRRE
<. MoSe BETHA—EEZTWVWAHDTIX
RWINEHEREIND, TDTW Step 2 TD
MCly(M=Co, Fe)Dffi FH &1 2 % 71T KCN %
FE % 3wt% & B E L7z, Fig.3 Tl CuSe = v
F I B T HERIRER A EEZ R LT
b5, Figld L0 IEEIEE X 25°CLL ET& bR
Roni=n, TELLESEAEE 2., 25C(=EiR
T ERE LT,

Step 2 TiX KCN OFwEHELXRET L7201
MCL(M=Co, Fe)& i\ T, CN D5 BE%1T- 7=
[1] [2], A ENEEREF C Co 1X Fe K 0 HEHAR
[EMETdH 572 CN 43 & LT CoCl, &
72, Fig4 I% FT-IR T CN ™ ZyBER(#4 O AT 4 I
EL, LM TH D, Figd LV CN 4
ATt T 2100~2200 cm ™' f13TIC CENFEA OB
— I BNR NN Z LD CNT DAY EEN
Ml TE7=, L2L. CN Z3BfE%IZ CuSe 2374
By L7272, Step 3:4 O EERRIEIIIT 2 203
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Teo ZDEZEDOWREFHEREG T T A~FHINNEBETHELIZE Z A, Step 2 #&T
BOWIRIZIT Cu®, S IIFEL TWARWI L 2R LT,

Step 3-4 1X Cu®*, Se’ 21T DIRREIC U CHRME L7BR, DBERRIENTT 2 72728, CuSe
ELTIRB L2 WS 2T T 20 ENRH D, Step 3 OWE L Na A 4 L EHLO B
Kl LT, Stepd OMEITHNFTFE LTI A7V L, JRWVHBRTHHANTE S &
ExbHIVD,

B ETIRS ST D RO L IR D, R Y F U LEREY 2,500 F/kg.
~ U HUEEY F A 2,000 M/kg (100 5B V/4E) 1Tkt L, AR L7z Cu-Co S84
30,400 M/kg &, Tl LD 15 5@ < 720 CdSe (Filkh TiX 72,50 M/ml, U 4o
J N TIE 67 M/ml & 108 5 &< 725 & ) FHRFERIZZ o 72,

LU 72 KON PRI T v F 2 7 DMT 2 5 I KRS & % 212 0~1000 cm® Z 12
ORI 2R3 CuSe T L, = v F L 7 %4T7-72, Fig5 X CuSe lZBIF 5T v F
v TR AEE 2 R L2 TH B, Figs £V 570 em* 225 &= v F o 2 LT3
TEXTCLEY, £72, CuDTLHEBENEML VDL, TELTLZ LIV ZO
BACITBEE IR D EEZ NS,

[£&®] KON =vF > VBEROFREMEITMCL 2 HV5 2 & TREIDILILEZ1T 2
7co FTo. KCN BN D LRI DY A 7 )V HIEZRRETE 72,

KCN = F oV BER DAL « AT EHZ AT 72 U A 7 )V HIEMESL O —H43 &
ol EZ TS,

[BEE]  AWPIEO —E0id, FOEER RS A WHIeEms Soim 7 /N AWF7EHM, KES
FERBIFIEM, BLOT ) —> &8 —77 4 —W5E ¥ —OEMEZ T T,

[ 3CHR] [1] J. H. Bigelow, C. B. Bailar, Jr., Inorg. Synth., 2 (1946) 225.
[2] A. R. Butler, C. Gligewell, A. R. Hyde, J. McGinnis, Inorg. Chem., 24 (1985) 2931.
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Synthesis of Cu-III-VI Compound Crystal Grown by Crank Ball Mill
Hms ok HI. 1BE B
Miyakonojo Coll. Tech., °Yoji Akaki, Yuki Tokudome

E-mail: akaki@cc.miyakonojo-nct.ac.jp

1. IZC®IZ
[V &7 v 234 Z A4 NRUEE W 8 IE KRG B O WIE 2V S, Cu(In,Ga)Ses
(CIGS) KB ML 20.3%D YeFBA MR AR L TV 5, HER, MESICE > T, EEAR—
WINENTZAT ) r SAEIZ KD CIGS Ffah DA A EE S fv, B T s e 7 s 2y
B ENT, £, TRZFERE L TAZ V=V FHRREC L D& 2 e KBERARE S
[1]e A X H25Ea A MuZiF, 77 v 7R —L I VERHICHRBE L, ERA—/L I
I g SRR C O CulnS, f&dh DO AU L72[2], ARl Cu-TI-VI i R{L AW & O Ak
B, VT IRIR—= L INERANTITST2OT, TOHREEITH,
2. FEBITE

YBHD 7T AF v 7 BLORERIT Cu, 1T JE(In, Ga), VIFE®S, Se)x Cwlll:VI=1:12 L7225 X 9
WL, T/ FR— e EHICE AL, B A 425rpm TEKEIT 72, 2 2T, FEOR
B% 1g, FEER—VOERELE 1:10 & LT,
3. MR L HEE

CulnX,(X=Se, S DA EIT > T2 KD XRD /37 — 2 %X 1 IR T, WT O ENS & B
v A T A MY CulnSe, 36 K O CulnS, Fdn TR L2 [EH B — 7 SR C& 7o, T b DAL
Do TeREfIE, ENERDOTNIBELIRI 5 Thole, 2 b DHMREEIE X BT &21T
S Z A WTHOMAKS Curich, In-rich,
Se(S)-poor & 72 o 7c, VI EILHITAKIEN & < &b
LT WD, IR D A ENUTLS o le 2k
NRKEEZ S, £7-. CuGaXy(X=Se, S)ftihDE
FREITWVUARD XRD RZ — 2 ZJIE LTz E 2 A,
WTHOBENS E L3314 F A4 M CuGaSe,
F KO CuGaS, AR L7 [m# v/ — 7 23 fgsd C
7o, L7235, CuGaSe, HiARD B I Cu fififh
(BRI DT E— 27 23, CuGaS, FiR2 & I3 A
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[1] T. Wada et al., Thin Solid Films, 431-432 (2003) 11
[2] T. Wada et al., Phys. Stat. Sol. (a) 203 (2006) 2593.  Fig. 1. XRD patterns of CulnSe, and CulnS,
[3] Y. Akaki et al., PVSEC21, 3D-3P-07. crystals grown by crank ball mill.
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Investigation of synthesis conditions of porous CulnS; crystals grown by a stirrer
R T m R ERUT R LR
A FE, IR BmAss, ARATE
Kohei Takaoka, Mizuki Nagasaki, Yoji Akaki
Department of Electrical and computer Engineering, Miyakonojo Coll.Tech.

Abstract

We report a method for the synthesis of porous crystalline CulnS, quick and simple using a
stirrer. We synthesized porous crystals by changing the amount of thiourea. As a result, we
were able to improve the composition ratio of the porous crystalline CulnS; by increasing the
amount of thiourea.

1. IIU®IZ

BUE, BREMESCE WM 806 RIGIERE NI SHAFENED 5T |
FOBRHAWSLIN D KBEMOMELE UT IIN-VL, ED Va3, T 4 NULE Y8k
DEHINTWSD, ZHET VL, ERvanss T4 MbawH8KThH 5
CulnSy M EHZ, Z DM M B EIFE RS B O W I g LA O J5 IR 72 - 7223, Shen
SIZE > THEZ HW =27 v a— a2l L 9% CulnS, ZfLE ks DA R
ERHAAEL S, FTLWISHORTREME DS RIR S iz, AR ITHEEEZ -
CulnS, ZFLERE DA ZRET L, T ORE., SETOEMIREZ 50°C LT 5
& X RRET B — 7 Ol AN &S < fEkEEAY Cu-rich, In-poor, S-poor 72kt A3 15
DNAELHER L. In OEHEMEWEKO—> L LT CulnS, ZFLEfEiLIT In-S
PERZ N L TARESNDN, ZDLEDSOENDRL ., SERNERENR -T2 &
E272[2]. = Z CTARNTHREIFEEICh D F A IRFES TR) D& &I S CulnS, L&
fHEn OB ZEET D Z L2 BN E LT,

2. EBRFE

CulnS, Z FLEFE S D JFREC 3 D HEALSR « —/KFn#(CuCl, » 2H,0), kA > 27 A -
PUKFI#I(INClg « 4H,0), T A IR (CHINLS) % S, A >0 A B DAY 1:1:X(X=2
~20)CR B LI EL, ENbOREEZTF LTV a— bbbl T T X
IZAAL, FEEPFE O [IAHE 2 600rpm & L, AFRIEE 4 50°CC, 16 REffiE#R L. +4
WRif S W71, 185 CTHEL, I LAREIToTo, £ Dk, T, B2 REITV,
MARZEY H LT, B L7EmRIT. X AREFT(XRD)ZEE | Ht X #R(XRF) /&
AR E - PAMEBI(SEM),  HZR mfEHIE R E I K o TREm L 7=,

3. EBRR
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Fig. 1. XRD patterns of porous CulnsS, Fig. 2. Composition ratio of porous CulnS,
for dissolution for 16 hour before growth. for dissolution for 16 hour before growth.

Fig. 2l Ak L7t O L 2 7R3, T A IRFE O ENEINT 2124 TR IX
A RA XA A BNY—ZIEDN 2, ZiuE, %< O In-S $ERDTERK S L7272 912 CulnS,
ZHERRmD In OFHEENEZIT-EEZ2 N5, L, THREOEEZD LIS
L7720 T LIFELS o DO TE EICMA T IESE I NN T L300 o
72

@ A bAFAARY— (b) 10 fi%
Fig. 3. SEM images of porous CulnS, for dissolution for 16 hour before growth.

Fig 3.l &k LIt OEEAZ ~RT, A MA XA A MU — 10 f& & bITHE RO

41



EENBIERTE, ZNOORMOREHIFI CIEREL TWAD Z ENHERTE 7=, 4K
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Fig. 4. Specific surface area of porous CulnsS,
for dissolution for 16 hour before growth.
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4. FEw
FAED RV CulnS, ZAUER ML, HBERO— 2 Th L FARFEL L EIZT D
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JBREIC 22> TWTC, LRI ZRET D & 6mig AT &E/hSRETH -7,
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e ENEE | EEREAGL/NEI AR Y  HO LW CulnS, ZALERERITSE D ivie o T2,

2% LR

[1] G. Shen et al. , J. Cryst., Growth, 254 (2003) 75.
[2] G. M. S. EI-Bahy et al., Vibrational Spectroscopy, 31 (2003) 101.

42



PLD % A\ 7= CulnS, O /E#Y

Deposition of CulnsS, thin films by PLD method
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'Department of Electrical, Electronics and Computer Engineering,
Chiba Institute of Technology
’Department of Physics and Electronics, Osaka Prefecture University

Abstract Deposition of CulnS; thin films by pulsed laser deposition method has
been investigated. The CulnS, thin films were grown at substrate temperatures between
room temperature and 500°C on a Si-wafer substrate. It is found from X-ray diffraction
(XRD) and Raman scattering measurements that the film have the chalcopyrite structure
except the films deposited at RT. The surface and cross-section morphologies were
evaluated by scanning electron microscope. Then, we obtained high quality CulnS, film
at 500°C with high pulsed energy.

1. 1ILBHIT

T aNAg T A MEAWERTH D CulnS, 1T KGR L LTS, &
IR, LR EOFENBIER STV A M. UL, CulnS,; Z Wiz kK
BB OB HRITE 12%Y LKL, DFRUEOTDITIEEHE TH D CulnS,
HEZER L, ZOMEL 00 ERH D, GBI EEOERIGE L
LTHA 7 a B ARREINTWDEN, ¥—7 v N ORI OB AL
AL ) 12 FERK T & % PLD (pulsed laser deposition) JEICFk 4 1ZEH L, %
EOSH ET & LITRRIESR I DV TRET L7z,

2. ERFIE

PLD %&EORESIX % Fig. 112”9, X —74 v b & 7225 CulnS, ik & S ALk
LD/ AL —P—L LT NA:YAG L—H— (JiF 266 nm, /L AIE
#110ns, /LA RLF— 6.80r10ml)) ZFEFH L7z, L—Y—E—AZEZLET
YN HLIAR LV AEHNTEL L. =7y MIlde —% —&%FH)
% (THM) (2 X 0 ERI L7z CulnS, 2Sv 7 High g i Uiz, Z—72 v MIHER
Iz 13 rpm TlRliig S 7=, FEARIZIZ(001) mo Si v = ~&EFEH L. Si V=
XY = MEETH D RCAWS Y IC LY REZEELL, & —7 v MmN
WHE 2 i L 7= O B AR 2 D TEE RS L. EkeéZ2—7 v MO
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1X35cm TH 5. HEF v o N—RNITZ—RS TR 7% HNT10%Pa LA TIC
b, BEBUREIZZF 24 500°C |, 450°C, 400°C, 350°C, RTIZF%@E L CHEfFE4s
ERL L7, fEHRE ORI O 7212 X #EHT (XRD) 8 L OVT ~ o #iELS fn/ﬁl
ExEITo7. £, BEEOREE L OWmaEh o 72 O I8 B8 (SEM) |
LB ATl S OICEEORNCFEEOBN OO 7 + FLIxtE X
(PL) FIEZAT>T-.

Nd-YAG Laser

e Taroet rottor R.P. and T.M.P.

Fig. 1 Picture and Schematic diagram of PLD apparatus.

3. MEKRUELE

Fig. 2 [ZEEARIEE (RT, 300°C, 450°C, 500C) Z#Z&fk&H7- & & D XRD /¥
— AR EHGRE (Taw) 28 RT LSO RTREOE—213, =g
F 4 R CulnS, Fib DR N2 — L —F L, fhomEmTBEI R T,
Tow 25 RT LIS TIE, T X TOMEMEN (112) AmIZFRVEAMEZ $ . Tey 500°C
IZHBVT(200), (211), (213) w7z En@llcn. £/, HE LFITL > TH
e ME D] FIZAER 9 2 EmR O T34 bz,

Fig. 3 IC/E#L L 7= CuInS, #ilsiD T ~ o 227 KL% <3, Koschel & Di4s
2 ki, 237-241 cm?, 307 em?, 343 em™ ICkIST S B —21% E(L) E— RIC
ST 5. £72297emt, 357 cmTIZEN TR AL E— R, By E— RICHIET 5.
307 cm™ X CUAUREE D ATREME S 8 5 Y. L7223 5 T, Tew 500°CIZF5V T CulnS,
DAV AR, T A MEEN KB L 72D 2 L RDD.
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Fig. 2 XRD patterns of the thin films. Fig. 3 Raman spectra of the thin films.

Fig. 4 IC Tswy 300°C, 7/V AT R/L¥—6.8ml, HEFERERM 4 hour TIEHRL L 7-.
CulnS, #E D K Hi 3 L OWriH SEM B 27~ R OBIZZIZ LV CulnS, i D -
T & 72 Wi OBIZE 0> B IR 3 pum F&LE o0 R HERE 2 TRl L 7-.

Tum x10000 15KV 10um  x3000 15KV

(a) (b)
Fig. 4. (a) Surface and (b) ceoss-sectional SEM images of CulnS; thin film.

Fig. 2 D XRD /3% —> 1Y) Tgp M 500°CIZ ChEgmtEDm LR R Shiz. =2 T
Fig.5 & 6 1T Tep 23 500°C THEMRL X 4172 CulnS, LD XRD 35 L ONPL A7 |

NVERT. Fi2, SNV ATFILX—F68mInD 10mIIcE z, HESE-Z
TR D, XHRRE OHEANE K ONERE O T 234 b7z (Fig5). S H1IZ Fig. 6
12T, SIRICHT D PLAEIC KV Sy RESHE D3 D@l S -
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20 (deg) Photon energy (eV)
Fig. 5 XRD patterns of the thin film. Fig. 6 PL spectra of bulk and thin film.
4. HEdE

X MBS — o O FEBRFEARAFPESEERIZ L 0 FARGEE DS 500CTH - & b
fmPED BWEBEN GOz, I~ BELOWE LV v a1 F 4 R
CulnS; D=7 2Rl Liz. L—H—HAxERsE L, X RERE, il
SR O ENE O 72| TN Rl O30 2 Bl L7z
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Ar 7R H,S 1T Cu & In DR B R\ Z¥EIZE S CulnS, EIEDO /ERL

Preparation of CulnS; thin films by sputtering alternatively Cu and In targets

in Ar-diluted H,S atmosphere

HHR R B ARRENIIER |, BRI T %, R RO JE A °
ONEF A, BEAR BEZE G, PRIR 20

WEREEE Cu, In R ONS ORI EE Y, Cu & In D& BRI O 23 L O H,S H AHFTD
Cu & In DOFUSHERKFE A <y & N2 X0 /ERL S U7 CulnS, MRS 2 O 7= SRS B T, W
THOFIEIZBNTH N%REDOEBRENRE SN TND, IGTEA Sy ZIETKERETY—
PRV 1 BT o AERLUCH IS TE D OD, AL A7 EOET RV X — i ERL 1 O
KREMRIZEDFZA—VEHEZ D EMREIND, Fixld, BT X—Eh O HRFE E
WA MEICE o5m & —7 Y hRA Ry Z2EEZ VT, Ar AR CS, HAHT Cu & In DALH.
2%y IR o (teu/tn) Z IS5 2 L I2 XY CulnS, BIESER T&E 72 2 L 2RIl L Y,
AHFIETIE, BUSMEHT A & LT CS, D 0 IZ H,yS % VT CulnS, MO EHRL 2 50772,

IIETOD CS, # HWCHIEAER L= &2 2BIZL T,
Ar R HoS FEPHRTICRBNWT Y —& T A L1 T A HM(450C)
T, Cu & In DEH A & FEH H(to/t)lE 0.4~3 OfiFH T&
L& CHEFEEZER LTZ, ZHEA/Ny XD 1 A TOHEREEE
1%, CS, ZHWGA L RIERIC CulnS, © 1 14— & —FEI
RIG LT b O OHEREHFE 1300 B M S 2 DT, RS
L 7= IO #BIE) 72 XRD /3% — %X 1 IR T, o=,
X 2 1Z1% CSy & AW TERE U 72 B 0 83 XRD /3% — > &R
T CS, LA EFERIZ, K& 72 tey/tin O FA:TIE Cu,S BAHN
D Cu-rich #LEL 72 DG B2, ted/tn FEDB T E- T
Cu,S FAADMNHI 71T CulnS, D XRD B — 27 OALNBHI SN D
L ERMARAHEOEREA G iz, L Larns, 61T
teu/tm L2 SR TZBRITIE, CS, DHA D K 5 7 CulnsSg FAH A
B % In-rich MECZ2 3G VT, AL EimkEaR AT o s
NEOLNTZ, ZRHORRIE, HS ZHAWEKIGHERE ARy
ZIEIZ R D CulnS, HIEAER AR Z L ZRL TS HDOD,
HyS & CS, ORUSHTER 72 D A[REME SRR L T D, 414, CS;
e N IR DR & DG 2RO 5 & L bIZ, T3 A
ARAEIC T CHEBRIEREFO S B 2 KiE(bE 33025 TET
Hb,
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Examination of Cl-free coating solution for Cu,ZnSnS, thin films prepared by sol-gel
sulfurization method

RIEAMR A RY: BERR
VeCRE JRK, B A, IR ARk
Kota Sakuma, Kunihiko Tanaka, Hisao Uchiki
Department of Electrical Engineering, Nagaoka University of Technology

Abstract Thin film solar cells with Cu,ZnSnS, (CZTS) absorber layer prepared by
sol-gel sulfurization had smaller F.F. and lower efficiency compared with those cells prepared
under vacuum processes. One of the reasons for the small F.F. is due to impurity in the CZTS
absorber layer because impurities promote recombination of photo-induced carriers. Our
CZTS thin films contained CI, which is one of the impurities, since the Sn source was
chloride. Therefore, preparation of CZTS thin films by sol-gel sulfurization with Cl-free
coating solutions was examined. On SLG substrates, CZTS film thickness distribution and
segregation at surface were reduced. However, on Mo substrates, an interfacial layer between
CZTS and Mo was observed.

1. IIL®IZ

CUpZNnSnSy(CZTS) T B & HBUR B EE M O e IUE & L Tl b STV D8
D—D>Tohb. CZTS ITEHLEBAYERT, N RX v v 72 14-15 eV BE, 7
ORE RWIURE 10° emt BAE©. 510, HERTENEE, FHESED TO RN
REDOFENRHD. ZDTD, Ka X M, RELZEB L OEERICE LCHMETH
HEWZRD., ZIETOH A OHFIETIE, CZTS KEGEMDIEHKINE, FhEk L O
B, TXTO¥RERBELIFEZEDOL & TERL, KX MEZH->TW5DH[1-2]. &
IR 41% TH Y, 2012 FEBED CZTS KB EM AR EmIER (8.4%) & 42 & -
DHEETH D3] IRMEVEKD—> & LT Aill factor (F.F.) 23/hE W2 & AR%ET
5N5. FEMNNSWERIKO—21E, CZTS HMINBIZEEN TWAARMMTH D &
EZTWD. HRIER ORI, HERFT Y VT2 T v 7T HEMEIED, K
BRI BT & 2D, Fex BSYERLL 7= CZTS SeWIUEIZ I, #Ho NI
bz VT 5729, Hifbik O CZTS HIFEICAM E LTV HDOIERNE E
NTCLES. FEHZIIAWESRBILAEMZHEH L TS O T, HROMITEH RFCEESE
R EDOARM DG FINTWDRIEEMEDRH 5725, FFIIERITHER L, AFETITY L
FNRALIEIC XD CZTS EEDIERICKB W T, H\HE 7 ) —ImRE e L.
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2. EBRFE

CZTS iz Y — % T A4 57 A(SLG)Hehds LT Mo/SLG Fa4k Bz v il
EL > THERE S 7. CZTS JRBHRIK ISR 2 a2 72 2 Ff 2 HiE L, ko s
EHHALIIERE AHERILEM TH DA FABBEMH LIZER 7 ) —ImK &
D Z AT - 7o, OB RPICIIHEES Y X OERsen 2 L7z, Wi 2- 2 K
XK )= NVEHEAL, BEAIELTE/ X ) =T I 2Nz MoBRE
L C, HEfRS, Wilash, MRS L OEE Y — X 72 E & W TR O VERL 2 5 2 72 73,
HEBASR S X OWERRHESh & & LITIABERIC AN D &, A7 FIVERSG LIS CTIIILE N E L
TLEoT. BROIFEEIZEVET D REMEITSH 5708, EkOBEFRILEWE HWTE
W EET D702, WSROI TR TH LA FABEH D HH N TEER L=,
A B EEIE Cul(Zn+Sn) =0.80 B8 LTV Zn/Sn=1.15 & L7=. &EA A RE X, ik
B WA T, 1.75M & L2 8FE 7 U =R, 47 FAUBSORMERE <,
KL OHW=®,1.06M & L7z iWiR a5 Eic A e 22—k L72141Z 300°C, 5 min
R ATV, TEDESIZ/RDETIOTIEEZMEVIE L. &IV 1—T &b
K 3%+ZEFEPHE T T 530°C, 1hhifkL, CZTS HEiFEa157-.

Table 1. Sol-Gel Solution conditions.

Solution Cl Cl-free
Cu(Il) acetate monohydrate Cu(Il) acetate monohydrate
Metal source Zn acetate dihydrate Zn acetate dihydrate
Sn(I1) chloride dihydrate Sn(ll) octylate
Metal concentration 1.75 M 1.05M
Metal composition ratio Cu/(Zn+Sn)=0.80,Zn/Sn=1.15

3. MRBLUOEBLE
Fig. 112 SLG Ak (2 HEFE L 7= CZTS 7#

L @peak | oy XRD K — v AR BRI

= 8 olution FWHMIdS] | & v ve b D & @I, A2 FLEER % L

E = oo 72 b D& ()R T CZTS D E— 2 73

£+ R - - RBTED. TN KLY CZTS I HERE L

> 8 |8 § §@a | Twhivis. QM E—2 DR
[ SN S L | REARECH T

£ (b)Cl-free {  Table. 2 = CZTS #iic> EDX 1= J 2 #HLik

st el e Cober AFTRERZ R JFRHARIL Cul(Zn+Sn) =

| |, poreoesoss] 080 45 kX Zn/Sn=1.15 & LTVl ki

B 2 e L MM R S &, MR L
iffraction Angle, 2 8 [deg.] 7 CZTS W E T U — D b & o,
Fig. 1. XRD patterns of CZTS film. £ U Cu-poor (272> TW Nz,

49



Table 2. Metal composition ratio of CZTS thin films.

Metal composition [at. %] Composition ratio
Cu Zn Sn S Cu/(Zn+Sn) Zn/Sn S/Metal
Cl 19.8 135 13.0 53.7 0.75 1.04 1.16
Cl-free 21.1 13.6 10.8 54.5 0.86 1.26 1.20

(@ci1 | CIK

o

i 50um 50pum

' (b) CI-2

Intensity [arb. units]

(c) Cl-free

e 45 46 47 48 49 5
D oo, @Y Wavelength [A]
—
Cl-1 and CI-2 are at different points on
T CZTS film.
(b) Cl-free
Fig. 2. SEM images of CZTS film. Fig. 3. EPMA spectrum of CZTS films.

Fig. 212 SLG Mk HICHERE L 7o CZTS DR 36 L O SEM Eig 4 ~7. &)
I 2 W= b D& @), F 7 FIABSZ WS D& (b)Iord. #if SEM
D Fig. 2@) & (b) kv, HALSHZ FAVZIRICIE, BEREISH S OBET N H 5 73,
F 0 FOUEES A NI AT 7L, —KEIZ CZTS WHERE L TN A 2 &b s,

Fig. 3 |2 SLG Atk FIZHERE L 7= CZTS D EPMA A2 L% <9, CZTS
ICHRENRE L TV A E ) NEENDT-. (Q)FB L ONb)IXEFEIEE % 7= CZTS
BROME AT 22 272 2 B, (OXEHFE 7 U —ImkZE O CERLL 72 CZTS B
ERERLTWD., WRBEEEMFH L@ CZTS HiKD A7 hVIZiX, HEDF:
PEXBROE — 27 BHERTE, LB OBIZEENEE L WD Z bbb, -,
@& L) Z LT 2 &, WERFTOENTE —ZBEN R > TEY, ZHXERN M
DO E I UREFEILEME L TRELIERTHD EEXTND.

ZORERBOSAADOJRIKIE, CZTS EHIZHKRE LTERORETH L LEZ TN
. BOSTEDOFRWERZENEBIR & KRB X OSET 5 Z & T, CZTS DR A BN
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B2, REREODADELTWNDHEZX TS, Wi SEM B XV, Fig. 2(a)
EO)EET D L, BEOEWNEIKLTY, 47 F Az AV CTER L7z CZTS
EIRIT I TH L. FHEITREECREHMEFICEE TH H.

Fig. 4 |2 Mo/SLG Jetit BICHERE L 7= 1 —H(&78E A V), CZTS HiFd L ONKE
AL OWrE SEM B8 % 779", Fig. 3()3 L ON(b)2>5, Mo/SLG &b iz CZTS fi5
HEFESE D &, CZTS & Mo Ebk & OICHMENE T TWDH A, U —H Dk
SUTIERFIZ Mo & UGS L TV D ER 3202 L35 . Fig. 3023 & 5 1Z, CZTS
IR B LIRS ORI L2, FREORKE LTE, 7Y h—H%o
IS CHRAIIZ Mo E R L TV DEEFNRNZ L d, BALFIZEAIR E Mo & s L
THELZLDD, b LIIHEHFIZET T MoS, TIlEZRWnnEE 2 HEta LT 5.

Mo ~ 500nm ' ..J..\_ B i 500nm

-
815435 15.8kV X60.4ai 813751 15.@kV X68.8}

(a) precursor
(gold pre-evaporation)
Fig. 4. SEM images of precursor and CZTS films on Mo.

(b) CZTS film (c) CZTS solar cell

4. FEEm

CZTS #E% SLG 38 L N Mo/SLG it BiC W BifbiE a2 W TERLL , Ttk
WHRIEM AR LT RR E R 7 ) — iR &t U 7o, SLG Jaf T, R 7Y
—WRIR = O THERL L 72 CZTS MR IR IR B D A 2372 <, —FRICHERE T & TUu /-,
L7 L, Mo/SLG Fati BicHERE S5 &, CZTS & Mo k& oI AE L,
KEGEMALFIZHBEL CLE . 5%, KEE Loz, FREOE CRWEED
BRERMLETH D .

5. 3E IR
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Improvement of Cu,ZnSnS, thin film by rapid thermal process

PR, H ACEL IR AR
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Yuya Nakano, Kunihiko Tanaka, Hisao Uchiki
Nagaoka University of Technology

Abstract

CZTS thin films were fabricated by a rapid thermal process (RTP) from precursors prepared
by a sol-gel method. Precursors were fabricated with metal concentration of 0.35~1.75 M.
The peaks of CuMoO, and MoSn; existed in the XRD pattern of the precursor of metal
concentration 1.75 M. The cell with metal concentration of 1.05 M, sulfurized at 520 °C
recorded efficiency of 0.928%.

1. IIC®IZ

CuZnSnS4(LLF CZTS) T4 1.5 eV D R¥ v v 7 10* em™ B0 eIUR K % A
T HHEPEEEBRRYERTH D, CZTS IR ITRICH VIR OCHmEILEEFA TV
Wz, BREAMNNSWVMEITH D, LEOREENNS, CZTS 13 EF K E A B
& LTI S, BUEREACHIFE ST D,

Fx 13 CZTS WK EMOMK = X Mb, fER T o 2offiigkz BfE L, FEE2E
TP CZTS El KGR OVERUGIEICEE L TR 21T > T\ 5 [1-3], HilFl, Fxl1E
SUHINEAE(Rapid Thermal Process: RTP)Z W T Mo 2 Z&E LT Y —H T A LT A
(Soda Lime Glass: SLG)F:4k 1 CZTS 2 /ERL L, fifbiREERfF 2 MEt Lz, £
DFEFR. 7 U I —H % 250°C, 60 min TF L7 =—/L L= ClL. WfLIEE 450°C
PLETCHIET 2 2 & THO CZTS B S D Z 3o Tz, £ 6WINRE D
SN D 560°C TORULNKIE CTH 5 Z EAVHH L7-[3], L2>L. 560°C DL Tl
SLG DEREREBAAHTD, WIRTHR TEZ 21 E0HEMEHNAEL, 22T
ALIRE 2 T2 & 2 A, Bl LARVWIRE TIX, CZTS N KX ki g & U 7okl
DB E VD 2 BN E T2, 2 E TiE Mo/SLG RIS B EEWRINE 2 A4 5 & Mo 2%
B LU THEDHBEL TLE 572, Mo 1B i 3E H OARIR B & EWIUE FH O
RERRE WD 2FEO Y VT IWVIRIRE A Y 3 — NMEICE D &, IEsZ &
TV —HEHE L T, ZO2EOEKREHNTWD Z L5 2 E@bDJHIA &
EBEZT0D, O 2 BES COMBERHEEZ B LD T, 2 @bz 37=HicsE
X AR 1R OFRK % B A9 Mo/SLG FaA_E~D CZTS YW & O [ HERE % i A
7=,

2. EBRFE

Mo/SLG Ef FIC Y VA WA A v a— MEIC X 0 gfh, L., 7 h—3
EER LT, 7V —VRIEOEREE s, BREKRGFEZRE L, ERLE
7V 1 —H % HyS(5%) + No FRPHA H Thftfb L. CZTS #IEAZ T L=, Wbz

52



2 FERR > & O 0 I i 2 5 1k

H729I2250°C, 1h TFLT=— 0
NEAToTC, TOfk, 540°CTL1h —
Wi L, CZTS Wiz fEl L7z, 5 2 / \
JE 1L 100°C/min —E & Lz, §4W // \
Fig. LIZIRE 0 7 7 A L &1, 5 300

WIZT Y I —HOERGIEIZDS &g /—/ \
wCis, TYp—pry &/ \
IR A AE Yy a— MEICL D B -/ \
ML, WEEEs 2L TR LE, 0 | | o |
SN B 035 M. 0.70 M, 000 004 104 100 209  3.00
1.05 M, 1.75 M @{E{TQKT%“% Sulfurization time (h)
I CZTS ZE®I L7, Y TR Fig. 1 Scheme of the entire preheating and

Wi 2-A v X ) — )L
(2-metho) T IC FERA SR, BERSHRER
A8 % 48Tt Cul(Zn+Sn) =
0.87. Zn/Sn =115 THEM S TIER L7z, L&Al L LT, @R/ 0.35,0.70, 1.05 M
DIERITER T =T AL flikE, BFE 175 M ORKIZE / o4 ) —LT 0%
fERH L7,

7V H— IR & BAEDORREIZ 72 % F T Mo/SLG MRk I 8Ah, #245(300°C,
5min)d % Z & CER U7=, @A, #0E%% Table 11287,

ZIH DT T3 —H % Np+HpS(5%) F5 [ 5 H Thitfk. L, CZTS iz /FR L 7=, fifk
FMT EREO EBY TH D,

I O W AR & E BT E - BEE(SEM), #id « LM% X #REIHT (XRD)IC TR
fili L7z,

sulfurization process

Table 1 The number of coat and dry times of fabricated precursors.
Conventional process(0.35 M — 1.75 M) 035M | 0.70M | 1.05M | 1.75 M
Times 3—5 15 8 6 5

3. BRARBIUOEBE

Mo LB 1E2E H ORI FE R I3 R, SEWRIUEH O EIRERROH T Y F
— VA ERCE T, 727 LABIEE 0.35, 1.75 M O VU B — ik ig., FRRETRGE I
Ko THIEN Mo Z & FIBE L 7=, e 2 IR RIBERRE OV TWZDIXER: 1.75M O
WA BAT 5L Mos Cu & DRSS THIL L EDRHIBEST 506 Th o772 1.75 M
WCOWTIERICL Mo L7z LIk EEZ TS, 035M D7 1—
2DV TIIMEEER DN X 2 BB L3 FBED IR & B 2 T\ 5,

SEM |Z X % W O &R 21T - 70, B BIRERRICEL 527 vd SEM
Wri % 2 Fig. 2 (279, Fig. 2 X 0 2&RIEEREKEOY T2 B En4ET T
BHT Mo & CZTS #EDBEMEN B2 & 2R T & 7=, £ 721X 700 nm~1 pm
&L ERINE & L THORIE S AR TE T,

WA X BREHTIC X 0 fE s OFl 24T - 7=, Fig. 3127V 1 —H D, Fig. 4 ([ZHifL
%D XRD /3% — &Rt Fig. 3 L VA 0.35, 0.70, 1.05 M OH > 7 /LTl Mo &
M0O,, M0O3 & W o 72 B — 7 NHERTE 72, F72RE 1.75M D% > 7 /L Tld CuMoO,
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L MoSn, EWVvo 7z Mo E&R E DRGSR TE 7=, Fig.4 X v, 2T h—4
ZHift L7z 70D XRD /3% — > )25 Mo, CZTS, MoS, IZHLEK T2 &' — 7 I3 ffEss
T&E, ZOMELY ., BRREICEI ST CZTS HAHDOHEEN GO D Z 005
oo ETRRIREDNELS RDIZERMENRLS 2D Z EHA L, L LIEE 175
MDY 7L TIE Mo 2 CuxeSn &L TLE D 72D, WILE %2 EBE Mo _EIZHERS
T 556, IRE 1.05M CTOFERNRETH L Z L3 LT,

Fig. 2 Cross section SEM images of molar ratio
1.75M/0.35 M (a), 0.35 M(b), 0.70 M(c), 1.05 M(d), 1.75 M(e)
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Fig. 3 XRD pattern of the precursors Fig. 4 XRD pattern of samples preheated
prepared by metal concentration 0.35, at 250°C for 1 h and sulfurized at 540°C
0.70, 1.05, 1.75 M forlh
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1000

g 5
= Z & s § T Table 2 Result of I-V measurement
7ofE 18 1§ 8 o8
g : 500°C| 520°C| 540°C. 560°C
£ | Voc[mV] 382 427 352 446
R e L Isc[mA] 0.804 1.273 0.303 0.571
k | 520C Jsc[mA/cm?] 551 872 207  3.91
A | | FFI% 253 249 215 216
b W, T ]| Efficiency[%] 0.532 0.928 0.157 0.378
10 20 30 40 50 60 70 &0
Diffraction Angle 28[d=g ] RSh[Q sz] JA 51 133 90
Fig. 5 XRD patterns of films preheated Rs[Q cm?] 65 48 214 145
at 250°C for 1 h and sulfurized at
500°C to 560°C.

Fig. 5 IC4 B2 1.05 M., #itfLiEE 500~560°C 7 XRD /X% — > % Table 2 IZZ 1
2o 1V JIE DR R %2 R7T, XRD OFER LV . #iLIEEE 520°C O s 5
t B <. 540,560°C & H< Ap o7, 1V RIERE R A6 540,560°C TIXESIHGTAMH N L
TWAHZEWShoT-, HERENEM L2 LIk TEBERFEEL. 2k viEs
BHAEM LB DL EZ TS, 520°C OV 7 )VITIBRCEIE 427 mV, & ER
R - 8.72 mAlem?, FF. 1 24.9%, %138 0.928% % itdk L7=, Z AUEBLR O & st sk (B
EIE : 518 mV, FAEEREBE  6.02 mA/cm2, EF. : 34%, %13 1.05%) & kb L., BAiE
JE & FEDMEWES IR & 22 o 70, FRIZBRKEILIC L - THIBR S 4u, BHACEEILImALVE N
IZE > TR T T 5, IRNERDZ S1X pn BEDIEB A+ THD Z ENFEKTH
V. REEOHRS A REET D 2 LIk o T BREDROM ENFARETH D L&
ZTW5,

4, £

BACBLIEF O 2 BAA I — Y 2 ER L, 3RO RIRERFIZ OV T
A LU7-, CZTS M RTP 2 W72 Y L7« FiAbIEIC L > TERL LU 7=, &R 1aE
0.35, 1.75 M IZ THERL L 72 ¥ o 7V IR s C B L 72, SEM O Wi B4 7> & B —
BEOHKE CIERT 22 L CCZTS Z 1T TEX D2 Engrote, 7V 1—H
D XRD 787 — » DYRIK IR EARIEIED S 0.35~1.05 M DY > 7 /L% Mo, MoO % D t°—
7, 1.75M O > 7 LTl CuMoOg4, MoSn, D B — 7 DR T X 7=, fifki% D XRD
INE— D BIERIR AR FE T CZTS AN IERA CE TWH Z I LTz, £
fEn e HBBIRE 1L.05 M i@ s L H L7z, @RIEE 1.05 M 22V Tk E
WlEATELIZ L Z A, FiALIREE 520 °C |12 THERNER 0.928% % itk L7,

BEIHER

[1] K. Tanaka, N. Moritake, and H. Uchiki: Sol. Energy Mater. Sol. Cells 91 (2007) 1199.

[2] N. Moritake, Y. Fukui, M. Oonuki, K.Tanaka, and H. Uchiki: Phys. Status Solidi C 6
(2009), 1233.

[3] A =L e REMEA BT e SRk 22 4R AR RS 2E pp. 50 — 53.
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ANy ZIETYERLL 72 CupZnSnS, RO HJR, ZJR¥ —7 > MZ L5

AL |

Difference in Cu,ZnSnS, thin films deposited by sputtering with Cu,ZnSnS, compound target
and multi targets

AR, EEBRALE L FIARREE, RIS 2, BREE 2, Al
PRI, PR LSRR, BRI R LS, CREST
Ryota Nakamura®, Kunihiko Tanaka®, Hisao Uchiki', Kazuo Jimbo?, Tsukasa Washio®* and
Hironori Katagiri®>
'Nagaoka University of Technology, 2Nagaoka National College of Technology, 2JST-CREST

Abstract CuxZnSnS, (CZTS) thin films were prepared by single sputtering process
with a CZTS compound target or co-sputtering with Cu, ZnS, and SnS targets followed by
annealing in a H,S contained atmosphere at several temperatures. Between CZTS thin films
prepared by both of single and co-sputtering process annealed at 500 °C, there are no major
difference in X-ray diffraction and chemical composition. However, there is a difference in
SEM images. The solar cell prepared with the CZTS thin films deposited by single sputtering
process followed by annealing at 500 °C shows higher efficiency of 4.40% while the
efficiency of the solar cell prepared by co-sputtering process was 2.06%.

1. IXCBHIT

BAE, e, EFHALLESA TV AHILEMAKREGEMRO N RKILE & L T,
CulnGaSey(CIGS)., CdTe, Cu,ZnSnS4(CZTS)72 EDIbAMNZETF bisd, LavL, CIGS
R CdTe IZIEAV IR CABILENEA I TV H =0, KREAEROEIR EOHK
%Vﬁﬁﬁwﬂﬁﬂ%iﬁ NE~DFEBENRREINTWND,

JextGe & 70 D CZTS LRI ER O YERIUE & L The b BRI OB D —
ﬂ@ éo R CZTS ORERILHR IFHFRIZ L < AFIE L, BENME 222l CTH
V. AR THBESTRMEE R EIZE L7 10%cm™ DL E O YERINER L & 1.5eV DAk
HIEZ L2 HLTh D,

HILE, IBM 225 REVEIC XL 0 ERLL 72 CZTS KBEHEM T 8.4% D ZE RN L &
NTWD[L], Lol ZFENEEOREICE L THWDd 00, B LoD K
FE. REAPEICITE L TWRY, —J7, KmfE, KREAEICE Lok s LTAR
v ZIERSH D, Cu, ZnS, SnS Z [FIRFICHERE S 4 =JHFIREA N & Tl 6.77% D%
?ﬁifﬁ%&’%?&ibfwé[ﬂ UL, ZOZJRA Ny ZIETIE, BIRN 3 OH0ESH D0

. EBIEN 1 ODBE. ﬁf(ﬁﬁm%%@#ézgﬂ%éﬁk@kﬁﬂ%é xZ
L I BT B0, ARIFFETIE CZTS (ka2 — 7 v b & W= B AR
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v 2 COREZRAR T, T 2T, BREASy Z LIERO ZJRFRF AN 2 TERL

7= CZTS I DE W & Mt LD THiE 4 5,

2. EBRIGiR

FEBNHEZR ST D Cu-poor, Zn-rich DFAFRICTHE S iz CZTSbaM & — 7 >
REMHWT, RF =7 % ha UHJRA Sy X2 X O RiBEREERL U7z, F72, bt
B L LTCUZNSISNS % % — 77 b & L, ZJREIRFA Sy ZIETHAIEE R Z R L 7=,
VERL U 7- AL, ZHRTHE SN 5%IEE DRt kFZBEHKT T =—/L L1,
T ==L, iREIRE F C 5°C/min THAE I WEEIREE T 2 REAREF L7214, 100°C
F T3 5°C/min THHI L, 100°C 226 BIRWMEIS D Z & TiTro T, AW TIL, 3%
TEIEE % 200, 300, 400, 500°C & &bt T, HFEA/ Ny & L ZJREIREA SNy X T

VESRLL 7= CZTS D 7 = — VIR B T % FH 7=,

3. RBLUEE

Fig.l ICZTNZENDHIBRIK L 7 =— J single-sp_500°C
JVIRE % 284k & B 7= CZTS # i XRD single-sp_400°C
/\5—/O%m@“0 20 = 28.4°, 47.2°L I single-sp. 300°C
56.1°0) E'— 7 |X. CZTS M(112), (220) & - =
LGL)IHEE LT\, BEA Sy ¥ S A single-sp_200°C
DY > T VTHIBIE OB XRD @ £ o single-sp_precursor
-7 %ﬁ%ﬁ%’(% %) 753\ E?ﬁ[ﬁﬁﬁ)(/\" ? J Co-sp_500°C
y&@*f‘/wv@ 300°C L,LL\L:@%@ 5 co-sp_400°C
WE BT ZHERTHIENTE )y £ -

57, 500°C TF =—/LA&ATH & BiE A €0-sp_300°C
2w A ZIRRIEA S O co-sp_200°C
L L %) GC\ 6&5&@ U XRD /\Oﬁzb—yé CO-Sp_precursor
ALTINS. 20 30 4'0 5'0 6I0

Fig.2 (2R, =JR[FEIRE R /S Z TE Diffraction angle, 26 [deg.]
B2 RIBRIR & 7 = — VIR E 2 B L & Fig. 1 XRD pattern of CZTS thin films
7z CZTS Dbk b & 7R T,

@ ST e e ] O % e 8 % |
§ 45 f-----m-mmmooee- sCu| § 45 {------ - = Cu
= AZn E= ¢ AZn

é_ 3 fr s Sn é_ 8 f T Sn

< B I eS =y 1 I eSS

8%25 " m ® g 8%25 % ; = u B

ERRETTE SRR SRR - TN S P
é L J 4 & < hd o — :  J p &

E 5 1 1 &E" 5 T T

O 0 Pre 200 400 600 O 0 pre 200 400 600
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Fig. 2 Chemical composition of CZTS thin films
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Fig.2 O@IEHEFEA Ny Z [ (OIE=PRFEIRFA Sy 2R L TWD, EHHTH CZTS
HIREO S BAERIE, 7=—/MEEN LR L THIRE—ETHD, LML, MEOE
WCHEBET DL, ZREIREA Sy X TIHRE LR L L HICMEOE/EX T1D, Z0
MmO MIL, BIRAROBEME TIIMENRARE L TWDH DT, 7 =— /LORSIZHIBRA
MW Z WIS D7-OIZE L D, — ., BIRA/Ry X THiEEN T =— /W IR
L72WDIE, RIBEARDEFECTHaICMENEENTEY . 7=—/1% L THhiE %z

VIAE 72V TH D, HR, =FHFEIRE, &6 56 0HEY 500°C T7 =— /L% L7ZFE
21T, FRERHICEENTWD Z ERbroiz,

XRD &ALTFAEARELDOFER LV | AR OEREDE 5 1T 220 57 500°C T
=—)L L7z CZTS EEOFEIZIZIZR U TH - 7=,

Fig.3 |2 CZTS DR %79, Fig.3 D@ITHEIR AR > Z . (b)iF =JR[FERE A /8
v HERL TS, EHLLDOHERE T =— /WREN EET 52N TRZENKE L 72
STWNWD, LxLaent, HIFA/y ZOY 2 T E =JRIFIREA Ny Z 0% 7L &
D HRBED/NEL Teo TS, o, ZJREIRFRA Ny X2 OH 7 E T =— /VIREN
400°C DL ECZERNRAEL T D, =JREIRER 2Ny & TIXRIBE RS+ IS E 52 5 A
TWeWed, 7 =— VIRFITHE 2 I UIRTEIZ R 28 23, 2 0ZERi%, KEGEH
DORFEICEET D, ok, HIRA Ry X OV 7 Tlid, BiBMAICHEN 00 E £
NTWDHOTT =— /L LT HHEEZ IV AT EN D72  RHEIZEN R X 7o oo ¢, ki
BWNSSBEIRE L 7072 8 EZ TV D,

Fig.4 (2 KByt FRE I (AML.5G ., 100mW/cm?) D i 5 B - B IE R E(0-V 7)Ao
7, Figd OQ@IZHEIEA /Ny & (I =JRIFIRERA Ny X OfERZ RS, &6 5 DOIER
FH#EL 500°C TT =— Vv LIV U T A TERENOREDIRDPE LI, BJRA Sy Z
T 4.40%, ZJRIFIREA Sy X T2.06%E 7o 7=, Figd \ZRT X ) ICEBBhRIL, 7=
—WREN ERATHIcon TR EL TS, BIRFHEICERT D &, ARy X T
12 200°C T7 =— L L=V v DBt — v 7 Btk w4 oot L, ZIE[R R A 3
v X2 TIE300°C UL FCTA— v 782 R LTS, 20X H 24— v 7 FithE &R

(@

Fig. 3 surface morphology of CZTS thin films
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LT, BRENARE LTV D728 Fig.l @ XRD /37 — 2T X 912 CZTS M E
BRENR o1 B THDH, 500°C T7 =—/L L7z, HIFE Ay ¥ IO =[R2
PRy 2K 0 ERL L 72 K ERM ORI 2 bl 32 & ZJREIRER Sy & D5 S HJR A
Ny B LD EBENEMELS o TWD Z Enbnd, ZORWESZNRIL, Fig3 12
RTZERICER T2, b9 —DOEMRNER & LTHEITF DD, Makkkod
NTHD, RIFER Sy & TIHAMRERIEREFC, =20 RFBROEBENZHIEIL T D
7o, BN D LiE D I T T T LE 9, ZD7), SEIOFERERIH
FHIE AN L3, ZNRE CRIEMNMEL o T2 mlEERN H 5, Lav L, HFA R
v 2DV T NVOMBIE Y — 7 > FOMABIZIEKF L TR Y, ORI £ 0 A
émm\ Tz, CZTS \bEWMZ —7 > R E W HIE ANy X%, CZTS K
OERLZE L TWA LWz b,

@ o200 M)
r'g' = 300°C ‘E
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Fig. 4 J-V characteristics of CZTS solar cells

4, K&

AWFIETIL, CZTS{bEMZ —7 v b EHWTZHIR ANy X LREkO ZJRFIREA /S
v H CYERLL 72 CZTS M DE W 2 MGt Lz, 7 =— WEE MR & & LRl R T
HJRA /Ny X [FIRFA /Sy 2T XRD /N — 2 AL ISE R AR L Lz, L
L. 500°C TT7 =—/L&AT 9 &L BWHIZKREEWT R0 > 72, 500°C TY =— /%17
ST 7L, XRD ANF — TR EIRIBEWT R o728, SEM Riffg Tk, —JR
[FIRER /X & DD F278 @ﬂ#%ﬂto_@ CRRIIORES BRI EE L TR, B
R AR 2 TlE 4.40%, [FIF AN Z TlE 2.06% DO EHNR L ZJREIRF A X Z D)5
PERWhER & 7e o7,

BEER
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Electroplating technology for the fabrication of Cu,ZnSnS,

nanowire arrays using anodic aluminum oxide template

Chonge Wang*', Yoshinori.Tanaka', Toshifumi Terui’, Shukichi Tanaka’,
Tomohiro Shimizu' and Shoso Shingubara'

'Department of Mechanical Engineering, Kansai University, Osaka 564-8680, Japan
*National Institute of Information and Communications Technology (NICT),
Kobe 651-2492, Japan
* E-Mail: weel979@hotmail.com

Chalcopyrite-type of one-dimensional as absorbing layer of solar cells has attracted a lot of
attentions due to its property of high absorbance for visible light. Such as CIGS (Cu(In,Ga)S;
or Cu(In,Ga)Se;) nanowire solar cells are obtained remarkable high conversion efficiencies up
to nearly 20% . Cu,ZnSnS4 (CZTS) is a promising material to realize more environmental
friendly and low-cost compound photovoltaic cells because it does not require any toxic and
rare element. Moreover, CZTS has a nearly optimal direct band gap energy of 1.4~1.6 eV for
photovoltaic cells. In this study, we tried to prepare the CZTS nanowire arrays on substrates
using self-organizing nanopore arrays as template for electroplating of CZTS.

Anodic aluminum oxide (AAO) pores was used as a template for the electroplating. Fig. 1
shows the schematics of the sample preparation: First, ITO and Al films were deposited by
sputtering, and the Al films were anodized. After anodization, AAO pore slightly etched to
remove the alumina layer at the pore bottom. Subsequently, Cu, Zn, Sn and S were
electroplated in the AAO nanopores. We used the electroplating conditions, which had been
optimized for preparation of CZTS films in our previous study.

Atomic percentage [at.%]
Al sputteri Anodizatio
sputtering 1o Elements Cu Zn Sn s
< as0

CZTS nanowire 70.33 | 1.78 20.21 7.68
,:> Stoichiometric % | 125 125
ﬂ g |
electroplating AAO pore widening Q A
&
Mmﬂs [
0} R v ¢ ¢ N e
SLG SLG

Fig.1 Schematics of the preparation Fig. 2 Cross-view SEM image of the nanowires in AAO.

of CZTS nanowire arrays Inset table indicates composition of the nanowires .

Fig.2 shows the SEM image of samples after electroplating. The vertically grown
nanowire arrays with diameter of 100nm and length of lum was successfully prepared in
AAO template although the composition was not perfect stoichiomety of CZTS. Further, we
are going to optimize the electroplating conditions to realize stoichiometric CZTS nanowires,
and the result of light absorbance measurements of the nanowire sample will be present.

[11 X. L. Gou, F. Y. Cheng, Y. H. Shi, L. Zhang, S. j. Peng, J. Chen and W. Shen, J. Am. Chem. Soc.,
128, 7222.a( 2006).
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CulnS,-Cu,ZnSnS, i ih D VRS & 2FAh
Growth and characterization of CulnS,-Cu,ZnSnS, crystals

Fofif] T35 v 55 1 P 524
A ERR, TR BR, 7= ER, KA #—RE,
TRIE FOR, 1l G, AR #e R
Takashi Ogawa, Kenta Nakamura, Keita Aki, Koichiro Oishi,
Shota Fukai, Makoto Yamazaki, Hironori Katagiri
Nagaoka National College of Technology

Abstract CulnS,-Cu,ZnSnS, crystals were synthesized in the range of x = 1.05 and y =
0.0~1.0 in Cuz2.00-0((2IN)y(ZNSN)(1.00))xSs. We investigated the possibility of replacing In in
CulnS; crystals with Zn-Sn. The FWHM of 112 diffraction peaks increased in the region 0.3
=y=0.5 in the powder X-ray diffraction. Derived lattice constants a and ¢ showed the linear
dependence on the composition ratio between In and Zn-Sn in the region 0.0=y=0.2 and 0.6
=y=1.0.

1. IXC®IZ

CulnS; X2 CupZnSnS,iZ, KEBEMA B & U T 72 1.5eV T O AL HHE 2 F5 o
{EEWToH 5, CulnS, ZEte 1L a4 T A4 N RO KEGEMMEHL, BEAAZFTEDT
DILTE Y, Cu(In,Ga)Se, I KIHEM D FEHILIZTE > TWDH, —F . CuZnSnS, I
JFE a2 2 b DN BER SN TR, BUE, #EHEREE T 8.4%0 — /L ¥ —Z5 i
BN SN TND D, F 2 CARIFETIE, LT AXALTHS In % FEfi72 Zn-Sn T
EDOFLEE X HaZ N ATRED A R 5 72012, #LRHIE 28 LB RO R 5 A iR hizic L v
CulnS,-Cu,ZnSnS, D /3L 7 ikl D VERL L 34l 21T - 7=,

2. CuyZnSnS,; Dk &S

CulnSy i, BV =31 T A MEEISHAIET D, CuZnSnSyid, € DOfEAIFIED AR
Eiam STV DN, IEAEROFELULAM T D, CupZnSnS, Oiff fhiiiE £ 7 /L %
Fig.l (Z/n9, ZERIEE 14D E 7 V1%, 1978 4E1Z Hall & 2% kesterite §5 4730k}
(Cuz1.08(ZNo.73F€0.20Cdo0.01)SN0.04S4.00) D ELAE ity X HRIEITIZ & D HEXRESRAT 7> S S I L TLL
k. SL4 kesterite @ CupZnSnS, OffidafEiE & L CTIAS SIS TW 5, ZERIEE 142m
DET VL, G hk LTz kesterite D B dn X #-[E14T(Bonazzi et al., 2003)X°H M 7-#R A1 97
(Schorr et al., 2007) DHEEREHTIC L » TIRESNE-ET A YOTH D, HEMIL, 120
2¢ (0,1/2,1/4) & 2d (0,1/2,3/4)iZF1F % Cu & Zn @ ordering 73, 142m TlXA~FLF(disorder)
272> TWDH EZATHD, 728, Hal HITX > TURS L7 stannite Cuy(Fe,Zn)SnS,
OfE S S 2B 142m 1B L Y, = oM IT CuFeSnS, & U8 Ferich 0
Cuy(Fe,Zn)SnS4 125k L T DA Bonazzi =2 Schorr 512 &k > THAER STV D #9758,
Fig.2 12777 142m OF 5L L 13, 2a(0,0,00%° 4d (0,1/2,1/4) % 530 B LT3 8 re 5,
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[42m

Fig.1 Crystal structure models for the kesterite Cu,ZnSnS,: 14% (left); 142m*® (right).
Red, aqua, white and yellow spheres represent Cu, Zn, Sn and S atoms, respectively.
The 4d site (0,1/2,1/4) in the 142m model is occupied by Cu and Zn atoms with
site occupancy factors 0.5, shown as brown spheres.

3. BEENEIZ L ARERER

JEEHZ X, Cu(BN). In(5N). S(6N). Zn-Sn &4 % A\ 7=, Zn-Sn A4:1%. Zn(5N),
Sn(5N) % E/LtL 1:1 TEZ2HE A(=3.0x107°Pa) L. ¥l L CIERLL 7=,

0.003mol @ Cua.00((2IN)y(ZNSN)(1.00-)xSa il 315G H AL D K 5 ITFF & L 72 Jil bt &
ALO; #Z v~V ENICHIE L., AT 7 LNIC 3.0x10°%Pa UL F TEZeEf AL T,
1250°C - 10 KREfH DA A 1T > 12,

4. RBLOFHl KR NE L2

AEHE. R X BEP(Y A2 Miniflex)ic & 0 35 L=, ER L 7Z30BHE(x =
1.05:Cu-5%poor) DA X #RIEIPr /S % — > % Fig.2 \Z/”d, AN 2EK, AR D
FRUVN 112 [BIHT B — 7 T OERX &~ Uiz, 112 BT e— 27 O v — 7 fir@#E & FHINAN O
PEBILZLE—7OH LT T4y T 407 xEH L TR L., /ER L7230k
DT RTO/RHE—212, 101,103,211 [ — 27 BR. LN Z D, M ICIE S d
RATHERE L QO BRI EE LTV D Z L SRR ST, F 72 MR DB I,
Ef e —27 D7 FBIER ST,

Fig.3 IZ FRIEAHARIC & 5 112 [EIHT & — 7 O Mg DO 224k % <97 (x = 1.05:Cu-5%poor),
y=0.2, y=0.6 TO¥fEMEIL, 0.20~0.25°REDE & 72> TV 4D 23, 0.3=y=0.5 D
PG, HEENEN > TE Y | RO TR SN D, £72, Fig2 2B\,
02=y=0.6 ® 112 AT E— 27 I H T A TIE7e <, iy = 05 D 112 Bl — 7 (X
BHOM™Z 22— Th D,
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Fig.2 Powder X-ray diffraction patterns of Cus.90((2In)y(ZnSN)1.00-))1.0sS4 crystals
(x = 1.05:Cu-5%poor).

Fig.2 DR X SRS Z — b\ Z —> « 7 4 v T ¢ U 7 % hE LIS EE
RO, MRS T D Eb 2T, Figd \CHREMRIC L DT EROEILD 7 Z
7 %53 (x = 1.05:Cu-5%poor), 0.0=y=0.4 OFEHI OV TIE Fig.l (277 L7z 142m D
TN E 052y=1.0 OFREHZOWTII A Va8 T4 MEEDET V& HW T/
=Y T AT AT ERTo T, MRS ER a. MR I3RS 7 ES ¢ AL B
Ty DfEEZRL WD, MHEOERIT, £ 00=y=02, 0.6=y=10 D7 —¥
Wkt L TR/ RBEIC L O BIBIRL 2 L7=2b D TH D, 0.0=y=0.2, 0.6=y=1.0D
SN TIEL, ML y I8 L TREHBIZE L L TR Y . Rt T AT T4 b -
A TREE, Ivasg T4 M‘%}afl{@b“(\ Vegard HJiZfiE> TWH D EEZ D
No, —J, 0.3=y=0.5 O TIX, MFEEDPER LB ZRLTWD, A Uik
TR EFHFE—7 OMER SRR > TNDH T enb, it TndHo L Ebh
%, [ABEO#FZEIE Schorr H12 & » T S TH Y . miscibility gap & LT 0.40=y
=0.80 DFEIBLNN /R INTWD D, ARl Fx NETEREITHLN2EZND D, In %
Zn-Sn TEDORREELATRENE WV O BLEND, KO FEMARRNALETHD EE X T
Wa,
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y value in prepared Cu, ¢5((21n),(ZNSN) 1 00.y))1.0554

Fig.3 Composition dependence of the
FWHM of 112 diffraction peaks

(x = 1.05, Cu-5%poor).

5. £¢¥

y value in prepared Cu, 4o((2In),(ZNSN) (1 0.y))1.0554

Fig.4 Composition dependence of the
lattice constants
(x = 1.05, Cu-5%poor).
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1%, Vegard HNIZHED &2 D, —J7. 0.3=2y=0.5 O#FiPH TIIEFTEH M & 1T HE
RDHEAE R L, HERSEIMLIZZ b, i RoTnd Lo Ebhs,
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Cu,SNS; BIE ARG ERMFFIED Cu/Sn RAER IR

Dependence of Cu,SnSs-based thin film solar cell properties on Cu/Sn composition ratio

(1) = ) T2 i S5 B A%
(2) MSATEUE NBHAHANR ISR, < & 2300
AR ALY, EkED, FEAFHGD, A EFIRO, R e
Naoya Aiharal, Kotoba Toyonaga®™, Hideaki Araki®™®, Kazuo Jimbo®, Hironori Katagiri®
(1) Nagaoka National College of Technology
(2) Japan Science and Technology Agency, PRESTO

Abstract Cu,SnS; (CTS) is formed from non-toxic materials that are abundant in Earth’s
crust and other low-cost elements. In this study, we examined the dependence of the electrical
and photovoltaic properties of CTS thin films on the Cu/Sn composition ratio at different
sulfurization temperatures. The device using the CTS thin films in the Cu-rich side exhibited
no photovoltaic effect, whereas a relatively high conversion efficiency was obtained in the
Cu-poor side. This is due to a low electrical resistivity found in the samples with a Cu-rich
compositions and thus affecting the electrical properties.

1. iZewic
CUpSnS3(CTS) 1 1 - IV-VI3 iED = e/t AW -8R TH v, 2l CHIFH I8 E 1217
T4 2PN EREMAE CRERR S5 . N2 T 10 em™ DL E D e iR % & 0.93-1.77 eV
DN R¥ v v FRHRE SN TR Y, HEGEER KRG EM O SEWIE & L Cld@Et) 7
WMEEA L CW5. CTS ZWiu)E & Lz Kig&Em#E7& LCix, 1987 4, v a v
R —#AIC L AR EMSE 2BV T 0.11% N DR N HE -, TFETIE,
A== b L— MO CTS KB EMIZIH N T 1L.97%ADHES, EBifh > & 7
U —H DOz kv CTS HiEEEMkL, 7 A L — MO KGEME 2 R
T3 2 L TEHNER 054N DA N SN TV D, AWFZEETEH CTS & 6RINE &
L7=% 7 A2 b Lb— MUOKGEME I8V T, BEIZ 2.92% 0 #5h 5 2 s LT
W RKBFZECIE, B AHYGIRE TERL L 7= CTS MIEIC x4 5 B BEE L EL
HURFE D CulSn RLER ELARTF IS DU TR L 7=

2. EBRFE

Cu-Sn&& 4 —7 > W T, ETE—LEEEIZLY Y —F T A4 5TTT A(SLG)
M EE Mo ==— b SLG(SLG/Mo)Jitk bz 7V h—H ZERL U7z, ZKESMIX
2.0x10™ DL F £ TEZZHER %, IRIBE 7) 6.0x10™ Pa LA T, EHUINEEEE 150°C & L7-.
Cu/Sn #REIZ # — 47 v O/ EZL S E S Z L THII L7, o7V 1—
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Y X E AR 5 (99.9999%) & | Hm i R L~ AR, BRI O [ FEE NICE N
B fifb 95 2 & T CTS MiEAZERL U7 AL SFIFE 25| & 283702 Ny 3— V7%,
SR D FIREE 10 °C/min, B2, PREFRE %2 560, 580°C D 2 /3K — 1, LREFRFR]
2 [, Np W Ay 20 scem & L7, INEVZITBRGHA L7, SLG Kk £ CTS il
X L CaA— VHIIEIC K 2 BRBIRREORIE 217 - 72. SLG/Mo Hifk Fod CTS iz
$F U TR HEREIEIC LD CAS Ny 7 7 —Jg %, f ANy ZIRIC KD ZnO:Al BJg %
HEFEM, MPUMBE ZAREEICLY Al iR LBEmREZERT 52 L T
SLG/Mo/CTS/CdS/ZnO:Al/Al #x&E D KIGEMBE 2 FR L. 20k, Y—7— 3
2 L—Z—%Z T 25°C, AML5, 100 mW/cm?, BRI T C o ii# B - E (3-V) Btk
ZHE L.

3. ERBIUEBE

Table 1 IZHiifbf% D CTS Rk 5 w90 X #o T (XRF)IZ X A fEEk L A 7~ 7. CTS
DAL WAL % LT Cu-poor, Cu-rich D 2 /X% — L ZAF8L L 7=, £/ _TDOW
YT ATEWT SIMetal 23 LIZIEWZ & bffbiZEglc T v 2 5. Figure 1
12 X FREHPT(XRD) /X — & 7~x7". Cu-poor {H[iZFV T Cu,SnSs @ Hig}iht# & (PDF
#04-010-5719)\2JF BT 5 B — 27 DI S 723, Cu-rich fllICBWVWTA A U E—27 D
EAERA~DY 7 FBE S TZ. F£72 Cu-poor IZFBVT 1450, 34°, 495 ° ffiT
IZIRB CERDPSTEBIBOE— 27 DFET D, TS IIMLRFIZ A SENITFRE LT
FeR NSO LZERR L2 BRI D RIREMED N B % . Figure 2 [ ZAERTE 7B (SEM)IZ
L ARk E oFm L WA =T, &Y B TEIZR S5 220 LM o
HALIZ, Sn REFALMOFIENE L AU EEZ BN S, Cu-poor IV T
Cu-rich | DA 72 it b & beli U ChRESRRISBARE T - 7=. F 7= Cu-poor Al D FE i HE
1%, 560°C & ke LT 580 °C (23T DR A L TR Y, WrmFEIcsW\ T
1-2 um FEE O HABIE S hurz.

Figure 3 (218 b7~ CTS HIED YLK VE A (ahv)>-hy 71w T X > TRT. £ TD
Yo T B W TRADERIC BT 100 em™ DL E O SeR IR S Z R L=, £7- CTS %
EHEEBI O ER L RE LT85 4, AMEIZ LD 0.92 eV AT OFH RN O %12 0.99
eV F721% 0.95 eV DN Z 7~ L7243, Cu-rich I TII RIS e T & 72
o7z, Table 2 [ZHEkEE & BALIR IS ) 2 BEARMIRAE, HELAHRELZ 7. LiLE
FIRHED CulSn FLARTFEIZ DU T, Cu-poor fAlIZ 3T 2% L4 EDOEHBhRAZE 51
7273, Cu-rich IBWTEBNEIEE RS oo, ZHUIFR— MBI L D BIERS
A7z Cu-rich iz 4517 5 CTS RO ULIC LV ER L el &2 bhb.

4. FEEm

B E— AEERCIVIER L= Cu-SnE4 7Y I —H Okl L W CTS O bl
kA% L C Cu-poor ffl, Cu-rich il & 2 /X% —> D CTS #fEZ/ERL L 7. XRD X
¥ Cu-poor M2 3 T CupSnS; D HAL S IZIRIE T2 B — 27 BNElZ s -, CTS i#
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LD /N R v ZI3IMEIZ LD 0.92 eV I DFHTW UL D% 12 0.99 eV F 7213.0.95
eV [HE DI 2 7R LTz, SR E I FED CulSn AR ELA& 744 12D Tid, Cu-poor
NI T 2%LL D ZEHgh =R % 4572 %, Cu-rich fEIk B T R T O N EL BRI,
FIERE R oTc. ZAUTIA—VHNE X VB STz Cu-rich illC 31T % CTS EilE oD
IRPUbic LV EK LIzl eEB 2 on5.

HEE AWIZEIT IST HMSRURIENTFEHEE S S SN T O — R & LTITORIZH DT
H5.

BEHR

[1] T. A. Kuku and O. A. Fukolujo, Solar Energy Materials, 16 (1987) 199-204.
[2] Q. Chen et al., Journal of Colloid and Interface Science, 376 (2012) 327-330.
[3] D. M. Berg et al., Thin Solid Films 520, 6291-6294 (2012).

[4] N. Aihara et al., ICTMC-18 Abstract P08-P02 (2012).

Table 1. Composition ratio of the sulfurized films determined by XRF.

Sulfurization Note Substrate Composition ratio
temperature [°C] Cu/Sn S/Metal
560 Cu-poor SLG/Mo 1.77 1.12
SLG 1.77 1.03
Cu-rich SLG/Mo 2.24 1.08
SLG 2.21 0.99
580 Cu-poor SLG/Mo 1.82 1.12
SLG 1.85 1.04
Cu-rich SLG/Mo 2.22 1.08
SLG 2.22 1.00
A Je 580 °C Cu-rich SLG/CTS M/\&%» 580 °C Cu-rich SLG/CTS
_ i YR L“_JL_M* 580 °C Cu-rich SLG/Mo/CTS F‘;‘j&\“ 580 °C Cu-rich SLG/Mo/CTS
2] |
§ pn ﬁ }l A Mt 580 °C Curpoor SLGICTS % 580 °C Cu-poor SLG/CTS
.(!% w A L A et 580 °C Cu-poor SLG/Mo/CTS <] ————1580 °C Cu-poor SLG/Mo/CTS
< | . L
> 560 °C Cu-rich SLG/CTS > 560 °C Cu-rich SLG/CTS
g JL—A——)‘-'——-——-'—A“— 560 °C Cu-rich SLG/MO/CTS % :i\—:’» 560 °C Cu-rich SLG/Mo/CTS
= A }L J. #ent 560 °C Cu-poor SLG/CTS £ WNA&’ 560 °C Cu-poor SLG/CTS
= JL A A ~"Aet 560 °C Cu-poor SLG/Mo/CTS F— ~560 °C Cu-poor SLG/Mo/CTS
CuZSnS3 monoclinic Cu,SnS, monoclinic
L o R R MR AN W AT TR PO #00.010.5710 | o
10 20 30 40 50 60 70 80 275 28 285 29 295
26 [deg.] 20 [deg.]

Figure 1. XRD spectra and zoomed-in spectra at diffraction angles, 26, around 28.5 ° of the

sulfurized films on the Mo coated SLG and SLG substrates.

67



Figure 2. Surface morphology and cross-sectional SEM images of the sulfurized films on the
SLG/Mo and SLG substrates.
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. Photon energy Av [eV] o . . .
Figure 3. Square of the absorption coefficient of the sulfurized films as a function of photon

energy.

Table 2. Dependence of photovoltaic and electrical properties of CTS thin films on Cu/Sn
composition ratios including the best performance cell data™. Ry is the series resistance and
Rsh is the parallel resistance.

Temp. Note Voc Jse FF n R Rsn Resistivity ~ Carrier Mobility
[°C] [mV] [mA/em?] [ [%] [Qem?] [Qem?]  [Qem] concentration [cm®]  [cm%/Vs]
560 Cu-poor 242 289 0416 29211 37 37.8 4.62 9.55x10'® 0.142
Cu-rich 0 0.20 - 0 - - 8.64x10°  5.15x10% 1.40
580  Cu-poor 224 280 0389 244 3.3 20.4 7.31 1.43x10% 0.598
Cu-rich 0 4.80 - 0 - - 2.02x10°  1.21x10* 2.56
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Cu,SnS; EBED R AR ML OB
Observation of photoluminescence spectra from Cu,SnS; thin films
B, MY, FIARAED, SR HLO, FAFHGY
)R MEAME RS, Q)R M ITESFHFR, GMAATBUEANF FHE RIS = 2817
Yusuke Goto', Kunihiko Tanaka®, Hisao Uchiki®, Naoya Aihara®®, Hideaki Araki®®
(1) Nagaoka University of Technology (2)Nagaoka National College of Technology (3)
PRESTO, Japan Science and Technology Agency

Abstract Cu,SnS; (CTS) is expected to be a material for the p-type
absorber layer of thin film solar cell. It has been reported that the
electric and photovoltaic properties of CTS thin films depend on the
Cu / Sn ratio. In order to elucidate the cause of this dependence,
photoluminescence (PL) dependence of CTS thin films on Cu/Sn
ratio was investigated. Cu poor or stoichiometric sample showed PL
at 0.95 eV but Cu rich sample and the PL tended to become stronger
with increase in temperature.

1. [XCHIT

CuzSnS3 (CTS) 1 p BUM-EIR T, ZOMERE R D HUS IS B ITFEET D 7202l
THY, WVTFRLEEZRZ RNV E W) BB ZE > TV 5. E 72 IURE A 1.0x107
emt B & KEFEMO R IBIZE LB M b EE > T D ZHE T CTS 2 ERINE &
L7- KB EMIC BN T 292% DBz R /G SN TS Y. Z2oWE TIEREDR
IZ Cu/Sn FARLIKAF 238 W CulSn<2.0, > F ¥ Cu poor (275 & FHEBEENLE SN
LEHRESNTVD. ZHUd Cu 284l (Vo) 12 K D RHGHEN 2N DR U IC 5 LT
HAREMEZ R L TCWAD. LML Vo 72 & D CTS O RKEoAFIMIC BT 2 i 13 72 <
AT o TR, CTS O KGRI OB ENRLGED T2 DITIE, Fttx B alcH
OMNZT HRENRD D, E DT OITIIRMEYEN AU ENL I U2 RO OBLH A 1T
Y EMBEITHD.

AETIE, EFE—LEREECLVERLUCMERORR S 3 D CTS #iEED
T4 M XA (PL) OB RZRETS.

2. EBRFGE

B> 7 VX Cupoor, {bFERmILHLEL, Curich ® 3FHFHE L7z, Vo 7V Ofk %
Table 1 1277, BARMYZRERISAFITROEBEY TH L. BT E—LEFEICEIY Y —F
TA LT T AFER EIZ CuSn A&EREEHERE L, SV D—HVE2/ER- L. ¥—F v b
(Z1% Cu/Sn #LRR L 0D $ 72 B Cu-Sn A4 % FH V2. 286 St I3 RRIEE /) 6.0x10™ Pa LLF,
FEAOMBVEFE 150°C & L7c. o7 Y I —H 204t (99.9999%) 100 mg & iz 7
TAALTFASAN, BRIFFOAREIZES, MET 52 & Thiifk L, CTS #EiE%x
ERL L7, b OBRITEZES| & 28T ICEHR /N— V%, i) 6 FIREEE 10 °C/min,
PREFEEE 560 °C, PREFREM] 2 FEfE), 2R T Ayi&E 20scem & L7z, MNEV&IT 2 FefE B
WmA LT,
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Table 1 Chemical composition ratio of samples

Sample name Cu/Sn S/Metal
Cu poor 1.77 1.03

Stoichiometry 2.00 1.01
Curich 2.21 0.99

B LD NG YVO, L——% @il (CW, % E 532 nm, Fhi
SREE 1000 mW/iem?®) Z W=, o FVREIZ Y A F A K v MITEY 11T 14-300 K
Wz, £, Ay 7 L— MIEY 1) 300—443 K O#if LS E=. A H D
FENEITHE SR 30 mm DAEY 2 1 A—Z THKL, InGaAs U =T XA A — K7 LA
TR L7z,

3. BRBIUEE
VESI L 7= CTS #HfED PL OIRERME% Wavelength [nm]
Fig.1 (27~ d. BUIEE®PAIX 13-473K T 15501500 1450 1400 1350 1300 1250

&»%. Fig.1 XY Cupoor & Stoichiometry ?) Tk

TN TIIE— 7 =R X — IR T /WWMW%W£$
443K

AR NPIY vt Yt [HIhd m~h@% Ww

HB LW, £095eV I —7 ZFFoEmT X%
X —RDFND 2 DO HRT HZ
EMNT&7=. —J Cu rich %7 NI,
1T &0 & LB NIT N D05,

B, WTHoOHY T ILTE 443K TEUIH S

NTWBHIRE R L F— I THRENERL 72D
T RMFEFNT L 5 DT CTS i
K3+ 26 o TiEk72v. Cu poor &
Stoichiometry DY > 7 /LD IHITIEIE RS —13K
NBZ b, ZhboR cuZicn | e
K42 LT 5. BEKREEZ RS L, I 443K
2 DOE—7 D5 bR Rk F— D — i
JIXRE A & LR NMENFH o T JWWWW
W5 FTo, BIEOWPBIEDR > TNDHT2D W¢ M”’””.“"””"”“W \ s
BEOE—I NHLAREENH S, m= xR 0.8 09 1.0
X —OE— 7135 0.95eV THH CTS Photon Energy [eV]

DR RE Y v FITHE VL0 0.97eV B
DIz, ZOFRKOERIEE L M ER-T
7Y 7 HREENBIFEN, N FP—T 7 v X EEARE, N — - & %mﬁ%t@3
FRIEDHERI T X 5. FCEFEN 26O ENUCKINT DD EH D12 i%tﬁf
(RAFMECRF M 2 2 AT O LB B 5. *@0%eV@%timeﬂk R

PL intensity (arb. units)

Fig.1 PL emission intensity
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Fig.3 Temperature dependence
of the PL emission intensity
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Table 2 Fitting parameters

|(0) D, E’ (mEV) Cy E: (meV)
Cu poor 8.3 1.9 10° 55.8 1.6 10" 971.8
Stoichiometry 4.2X10° 47.8 48.1 2.2x10° 424.9

ELIEE o007yt meVRRETHH- -,

EH DY T I B R

272 HIREEIXEE (300 K =26 meV) FETH Y, FOEIRE L iHM b= x /L F—DE

e LTI
iz,

TR EE BT,
FERSH BHAE S OTEME L = L ¥ —

UL, EQZELLOY LB EE meV & EH

74/ I X D EAES (Figd) &,
%%ﬁ%%%#%?ﬁtﬁ&v&wm®%%,%5miP%~vxw#%77tf&
L ~DEBE CTHIIMEE - FNo T 7872 LUV OB IZ
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(Fig.5) BBz HID. 74 / VIS K % FEHUN T
FEATE Figd (239 L 5 ICELJERIRAE & bR iB D& E b
F DT FF—=NENJERE ETRAEL THDEE
IRV, PO asboe DIETERSRT . 205
ATEMAL T F L —1T Fig.d TR T Ef (272 548, 3 a
¥ R¥ v v 7095 eV Tkt LIEMEb =1L F — 038K
B meV (225 Z LixE 2o, £, By
2 X DFREOWANT Figs (1R T XL SIS, METH
WZHDEFDENEIZL Y T 7 ' T H IR
XNBZLIck Y, FWMLT 2T H L~ Fig.4 Configuration coordinates
R B B OB R A2 S 2 LIC kT 5. model

ZOBEDEM =R X —IXMHEFHENOT 7

T HE LN A~DEE = R L X —Th DH. CTS
R . oo } Thermal
DR REx >~ 75 0.97 eV TH Y 0.95 eV FIEN 5 excitation
3 < - N < 0.95 eV
EE{EIJ SNTNLHDTZ 0>1£75 iﬁﬁ meV Th 25 &1L P ¢ Nonradiative transition
BZ B s| [P
N = - - = S0 - 4Bl .. L
\ LJJ:ODTt 9 Gu‘, TAVT A /‘7 e )] 4?%{1,71 Radiative transition
TEMEAL = RV 5 — TH ST O IS (K A7 & B —/—O'OO'O'O'O—h |
T2 LW TERD T, IR 2 FHT — T oxcmtion
7 X N - H N N A
HEEOFIEICRIEN S > T-7-0 EHEHI LTV b 4

BIFFENREOR L FIEOHF 2 b NS, 4B Fig.5 Thermal excitation model
LIPS DR TORIE AT bV ORRE 21T -
TV TETHD.

4. FEH

CTS O KRMaUEN %2 E 223 5 72D PL OB 21T 7=, T OFREE 0.79 eV L DKW
TRNAF—IZE— 7 RO L 0.95 eV (T B — 7 2R O% 2B L7=. 0.95
eV 2B — 7 ZFFORMNITIRE L& LR D700, Bt 7 vnt 2%
ELRETHDLENE LT 4 v T 4 T EIToT2. L LY e Es & oiEtE
b= XX —%RDDHZ EIETE o T2,

PEE ABFZEO —ERIE IST BRMEAIAISEM A HEE FE I I N8R E L TiThbivz
HLOTHD.

BE W

1) N.Aiharaetal., 18th ICTMC, P08-P02(2012).
2) Hajime Shibata, Jpn. J. Appl. Phys. 37 (1998) 550-553.
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Faf -
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B, o, WETIE, EFHELTAM-1.5 (100 mW / ecm)DY—F—3ab—x%E iz,
[REOVCELE] N, REEZZ(LLTERLEZAT

DD XRD /35 — A2 BN T, f b IngGa, (N ITHE 10°
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Controlling the carrier density with a sulfur fraction
for sulfurization growth of SnS thin films

FOCELRL RS A DT 7erif/ B T 2250
NE—H, KEH, REE P, il
K. Hisatomi, H. Nagayasu, S. Mori, T. Hiramatsu and M. Sugiyama
Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science

Abstract Tin monosulfide (SnS) has a high absorption coefficient and a suitable
direct bandgap energy for solar cell. Moreover, SnS is composed of elements that are
economical, safe for both the environment and the human body, and abundant in
nature. This solar cell is able to be fabricated by sulfurization. Sulfurization is
commercially the most desirable process because it can be used to prepare large-area
films economically with a simple dry process. Sn precursor was prepared by RF
sputtering method on a soda-lime glass substrate. It was sulfurized using S vapor in a
quartz tube reactor. The carrier concentration of SnS thin films was controlled by
sulfur flow rate. This result may indicate that Sn vacancy (Vs,) acts as a shallow
acceptor and is mainly responsible for the p-type conductivity of SnS.

1. IZL®IC
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LoAkiE, BIERZ WD ZENTE 720, BifEN KT A MR O EE % R
T2 T&ES, LU, CIGSSe (IR In, Ga 3@ i TH Y . CZTSSe 1d 5
TALEW T 2 72 DRAEHIEI A EE LYy, —J7, SnS 1T 2N TZ 427 Sn, S % H
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EZOFEHWERAGIENNC L D2 EEIT> TE 7=, Lo L, BitfbiBEIiZ X% SnS j#EfE
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Fig.1 The carrier concentration of SnS films as a
function of growth temperature with ref [2].
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Fig.2 Carrier concentration of the
SnS films as a function of sulfur
flow rate.
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Growth of NiO thin films by RF sputtering method and fabrication of NiO-related solar cell

D BUREIRL R AT /B T
DHAL KT SRR T
fEARE— U, ASCE D, IR D, W RES Y, mEE D, BeREE Y, ke
R. Hashimoto ", F. Nakamura", D. Kawadel), T. Yamashital),
J. Ishida", S. F. Chichibu® and M. Sugiyama"
D Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science

? Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Abstract Undoped and Cu-doped NiO films with a thickness of approximately
200-500 nm were deposited by RF magnetron sputtering on soda-lime glass (SLG)
and ALO; (0001) single-crystal substrates. A carrier concentration of 9.8 x 10"
cm” and a carrier mobility of 9.0 x 107 cm® V' s were obtained for Cu-doped
NiO films prepared very low O, fraction in the gas phase ([0, / (Ar + O,)] = 0.1 %).
An optical transmittance of > 50% in the wavelength range of 500-800 nm was
obtained with substrate temperature at 340 °C. These results suggest that Cu-doped
NiO films should be useful for visible-transparent solar cells.
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Fig.1 Optical transmittance at 500nm of Fig.2 Carrier mobility versus carrier concentration
NiO films as a function of O,/(Ar+0,). of undoped and Cu-doped NiO films.
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Preparation of p-type NiO thin films
by a reactive-sputtering method with a pair of facing Ni targets
ERBHER Y, WRERT Y, BPRMEZT Y, PRI Y
1) T KRB B AR FAIRSERE,  2) B KL, 3) Frik ORI SEr

Abstract : Transparent conducting oxide (TCO) films have generally n-type conductivity, and
are used as transparent electrodes in various devices. For p-type transparent conductivity of
oxide thin films, Although NiO films and CuAlO2 films are reported, their conductivity

are worse than n-type oxide thin films. From a view of application of transparent electronics
device and high-efficiency solar battery device, various reserch and development are done.

In this study, Preparation of NiO thin films were tried varying oxigen contents or substrate
temperture with facing target sputtering (FTS) system. FTS can sputter easily Ni that magnetic
metal is because it impress a perpendicular magnetic field between a parallel target side facing
each other. and Not being collision damage of high energy charged particle into deposited films
by the plasma enclosure between both targets is advantage.
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Fig.1 X-ray diffraction patterns of NiO films.
(@) Tauw= RT, O, 100%, (b) Tswp = RT, O, 60%,
(€) Tsuwo = 200, O, 100%, (d) Tsup = 200, O, 60%.
. Vis identified from PDF data of NiO(#47-1049).
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Fig.2 Transmission spectrum of NiO films.
(@)Tsuo= RT, O, 100%, (b) Tswo = RT, O, 60%,
(¢) Tsup = 200, O, 100%, (d) Tsu» = 200, O, 60%.

fig.3 SEM images of NiO film surfaces.
(@)Tsuo= RT, O, 100%, (b) Tsw = RT, O, 60%,
(€) Tsup = 200, O, 100%, (d) Tsus = 200, O, 60%.
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Fig. 4 X-ray diffraction patterns of Ag-doped NiO films.
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Ce* BRI & 5 CaGa,S, D XKaD ESR HIE
ESR investigation of the defects induced by Ce*" doped in CaGa,S,
HOKY, BOTHEARRR Y e —#t, R RSB Y B TR Bk B
Nihon Univ.", Tokyo Univ. of Science?,

Ittetsu Kitajima®, Takeo Takizawa', Chiharu Hidaka', Shigetaka Nomura®

Abstract In order to obtain the evidence of the complex centers consisting of a Ce®" ion
and a sulphur vacancy in the lattice of CaGa,S, compounds, ESR measurements are carried out
using CaGa,S, single crystals doped with Ce®*" as well as those annealed under sulphur
atmosphere or in vacuum. The former sample shows no change in the ESR spectra. However, in
the latter one, its weak ESR signals become weaker than those of the as-grown samples. This
result indicates that additional sulphur vacancies are induced more under the high temperature
conditions in vacuum. The complex centers seem to be transformed into different kinds of

complex centers consisting of a Ce®" ion and several vacancies around it.
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Fig. 1 Angular variation of ESR signals due to Ce*" ions rotated around the a-axis from the [010]

to the [001] crystallographic axis [1].
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Fig. 2 Schematic view of the respective annealing tubes for (a) under the sulphur atmosphere, and

(b) in vacuum.
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3. RREKUER

Table 1 (ZE BV 24T 5 FitE OB O & 2757, it s 75 PH A TEVLEE 24T - 73R .
DIFINTEENED LIzh, B2ER TRB 21T > 7alB CI3E & 22mg B LT 55
Wb, £lo, BZEFTORLEOR, A58 OMmBIciis b L& HEnslifll S hi,

Table 1 Weights of samples before and after annealing

Weight of the sample before Weight of the sample after
annealing [g] annealing [g]
Sulphur annealed sample 0.0100 0.0094
Vacuum annealed sample 0.0259 0.0237

Figure 3 [ZHisE XA T CEVLER 2 Jifi L 7= 50RO FIINREGS S % b #2670 T 7=
ESR A7 RVERT, ZORSEND . FitERIAK T CRULEE 21T o 723 kHET, ESR A~
MTIZ & A EBAR D o T2, — 7, B2 CTEULEE 217 - 7230k Cld, Fig. 4 1IR3 X9
12, 4 ROFEV ESRAEZ1TIT & A EBEDIAND HE L 7259V ME 5 O S H1255< 7
DEMW G T,

— after anealing

_JF"JVf “”‘J( AJF“ "“/”

as-grown

ESR intensities [arb. units]

g ﬂw/ﬂ

| | | |
5000 5500 6000 6500

Magnetic field [G]

Fig. 3 ESR spectra of CaGa,S,:Ce®" as-grown and post sulphur annealed samples at 4.2 K: static

magnetic field is applied in the direction deviated from the b-axis by 70 °.

2T, BRI ESR 2L MRS TE T D DL, MMRIR TIC L D A
AR OZLIZ K 272D TH Y | JIER R SORE IR E OGRS CRFR 72 IR & 72 5,
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after anealing
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- /
[/V’MMV———

| | | | | | | |
2100 2200 2300 2400 2500 2600 2700 2800 2900

Magpnetic field [G]

ESR intensities [arb. units]
1

Fig. 4 ESR spectra of CaGa,S,:Ce®" as-grown and post vacuum annealed samples at 4.2 K: static
magnetic field is deviated from the b-axis by 10 °.

INODORRNOROFENRTRIND, TP EFHK T TOBHETIE, B s
ARS8, WREDSRENITRAET, MEXpEHEO D Z LRk EEZ R
Do Fio, BERFTORBLIL T, Ce¥ WA MNaICHEEMEOREXMAEL S Z & T,
AR —DDRRE KD B> TW G L ORI R &R L, fRke L TESRED
BAOERERERZILILEZEZOND, ERE LT, HEE O XME L VK OEE LD
ESRIEZDIMENIML TND EER BN LD, ESRBROER Y WM -0, BITEILfER
TE TR,

4, £ ¥

Ce™HIMC & 0 L UCTRisE R MBI & 2 A TLOTFE L Z ORHEZ I ST D720,
CaGa,S,:Ce® B ik it s B HI M BV & Jiti L, ESR MIE %17 -7, B4R COBMLELOKEF, &
BHOE R B L, 990 ESRAE 5 O N A biz, Zhiud, EEHOIEEEO X
fansE UL Briz7e ESR L33 U7c HERI S AL7o 2y, BLEB R CIIMERER) 225 RITF b T
AYAS AR
i

AMFZEIL. SCER A8 O FASL KRR FOWFZE T A B Rl S B 5 26 (AR 21 - 25 4R ) I K 2 Bl &
=TT,
BE R
[1] dbiE—f, wERES, B & T, B EE, 8 73 AR E S TR (2012) 12a-PA4-11.
[2] C. Komatsu-Hidaka, T. Takizawa, J. Cryst Growth. 222 (2001) 574-578
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CaGa,Sy M IREFE DA HIFTTRILWMIC & 2 BEHR D ESR 5L
ESR study of the origin of enhancing effect on the red emission of
CaGa,S,:Mn?* by codoping rare earth elements
HORY BORERRR 2 JlE —t, vER RSB Y B THE Y SR B
Nihon Univ.", Tokyo Univ. of Science?,

Ittetsu Kitajima®, Takeo Takizawa®, Chiharu Hidaka, Shigetaka Nomura?

Abstract To clarify the enhancing effect on the red emission of CaGa,S,:Mn?* by codoping
rare earth elements (REE), ESR measurements have been carried out for single crystals codoped
with Mn* and REE*" of different concentrations. In the case of samples showing the
enhancement of Mn®* emission, the additional ESR lines are observed as REE®*" (La, Ce)
concentrations increase. On the other hand, the sample without enhancement does not show any
additional ESR signals other than Yb®* one. From the angular variation of the ESR lines, it is
expected that Mn ions in the lattice are affected to change in valence and are no more orbital
quenched by neighboring REE*". The result confirms the formation of the cluster consisting of

Mn®* and a neighboring REE®" both in the Ca*" sites.

1. Fam

BB ECH TEOCE (REE) 2RI L7z CaGaS, 1d. SEAMRIRH Tzl W\ T 7238t
o, FRC, EHEE AR OREGBOIIEN Ce*E Bl R ZNENRINT S Z & THELR
TEY, R—RHEZER L2 ARBLOEIABPH I TWD, Lo LAaRb, BIfEE TIC
[FIRE FE DI % Ff o T2 REHOEIRIT D2 o TR, Fox X, 2 OFRGRIE Ok &
L, CaGaSaMn* DIV VREFEIEIZHE R L, REE N LV Z ORI oA X - /-,
Z OFER, REE HEIRINC X 0 ek 30 fF I S - R enE o [1, 2 E T, K
FHEME [1, 21%°. DV-Xa ik [3]. = LT ESR HIE [4]72 & OHEE HWT, JREBIEN O
DA B =R DDfFI 24T > T & T2, BUE L TOZEN S, Suzuki H 12 X - T Ce* 3% D Mn*
LoTHENTY TAZ—EFAMMERINT 2, LinL, 207 T AZ —DIfE % 7~T %
BRI 72 REHL IR T DD o TV, & ZCAAE TR, EROREIHNITK L, AR
THE L RSRWGEO Mn®, REE* O LN A A HHIZ- 2 T CaGa,S, B b ek ko
ESR HIEZATV, M OFREFIHIROLIAZ A L7, 22T, WEEAETHMAA DY
LT L™, Ce™ %, HIROEmENE DL LT YD 28 L,
2. FEBRFE

FEERCffi i L7- CaGa,S;Mn*,, REE*, (REE = La, Ce, Yb : x = 0.2mol%, y = 0, 0.02, 0.05 0.2
mol%) HERFEHI, KET Y v U= AR L0 ERE 21T o 72, SO (ERDF IR LAR

IS L7 sCE R CH 5 [4,5], TERLL 725EHT, B = v =ik X 0 fdbfiho J5 07
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BIRE L, B E1T -7, ESR HIEIL. JEOL JES-FA300 ESR spectrometer % F T 4.2 K TfT
-7z, E£72 ESR E 5O EREMEZ, MO Tl % [msdh & L CfT->72, PL HIEITES
NT-HFEREZMRIZL, A3 mme OATFIZFEO TiTo72, 22T, hiEEicid He - Cd
L —#—(Omnichrome, 3056-15M, 23 mW) ZfEH L, 73t - BRHEHZIE~ VT F v U RVT o
7 7 # —(HAMAMATU, PMA-11) % f 7=,
3. RRERUER

FEERCHA L=l PL 2227 RV % Fig. 1IZvd, La*, Ce¥* &3 L =58 1id,
REE*HLIRINC £ 5 M ORI DOHIEN R b, )5 Yo SLIRIEE Tk, Mn®™ 0%
D LT e, RICER O 7 572388k ESR A2 kL% Fig. 2 12, = L TC0-1500G &
5000 G UL B R B 7 Fp 722 ESREH ALK L7 b D% Fig. 312”7, ZIZ°C, Fig. 2 &
OVFig. 3(a) I3 & fEdh o ¢ w7 EICEIIN L, Fig. 3(b)I3mS DM & %2 b #7547 HF
TWo, ZRHOKEY, REEX ORI DIZHEV, AKD Mn** D ESR 155D
BREEDSID L, 7 a— RARRMOESNEND Z ENbhd, —J, KO L eh o7
Yo DI OFAA G W TIHL, Fig. 4 ICR O D & 5 ICRIOE BIZB LT, M DE 5
PRS2, ULEORERN D 20 LB SN2 RMDIEFE S, Mn® OISO HRK &
FRVEBIZ O Z L3 yinoTe, 22T, ZOESORREZRET 572012, ESR Z5 DA
FERAF 2 A LT,

T T
Mn. La02mol%

T T T : 3
Mn. Ce 0.2 molo Lox10"

| Mn. Ce 0.05 mol

141

i i
155107 | [Mn. Ce 0.02 molvs 121 Mo La0o2mol

10

sl Mn, YD 11:2 mol®o

PL intensity [arb.units]
Pl intensity [arb.units]

N N

ol . ¢ , )
: 0
400 500 600 700 300 400500 60D 700 800
Wavelength [nm] A ex:325nm Wavelength [nm]

Fig.1 PL spectra of CaGa,S,:Mn?*, REE*" (REE = La, Ce, Yb) with different concentrations.

T T T T T T
Mn.La0.2mol% FMn.Ce0. 7mol

WMW—“ i / r’WNMMM et

Mn.Ce0.05mol%
Mn.La0.02mol%

e A A o P M

» Mn.Cel).02mol%

™ Mn only

Mn only

ESR intensity [arb.units]
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1 I 1 1
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000

Magnetic field [G] Magnetic ticld [(]

Fig.2 ESR spectra of CaGa,S,:Mn**, La*" or Ce®" showing enhancement of Mn?** emission with
different REE®* concentrations at 4.2 K.
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Fig.3 Enlarged view of the ESR spectra of CaGa,S4:Mn?", La>* or Ce®* with different concentrations in the

magnetic field region of (a) 0-2000 G and (b) 5000-7700 G at 4.2 K.
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Fig.4 ESR spectra of CaGa,S4:Mn*, Yb** without enhancement effect at 4.2 K.

Figure 5 |2 CaGa,S,:Mn?* 0.2 mol%, La** 0.2 mol%zt Bl oo 45k il oD & v Tkl & [mldis L 72 s
DRHD ESR 55 DAERFIEE T, 22T, a, b X c /& Y o REzO WIHAENINELS )7
X, ZH2hn[001], [001], [010] 511 & Lz, Z DRGSO AL, $KRO 5 5 B0
RECHLEETHLTD. MN A FUICHKTAERTHL EEZE2 LD, ZORMOERT
5K 8000 G & T ESREZDOMIBMENEM L, gl 2 05 REL TR TEY  @H O Mn®
TIXRIATE 2, o T, ML 72 REE¥OREBIC L 0 | FEEAN O Mn Offifk 232k L <
WD ENTREND, T72bb, fEmNO Mn*X REE* L 7 7 A X —%Ek+ 5 2 & T,
MEAZE L, BEBHSND Mn™ D ESRIGH & Bl o o fERFEEZ RT LB DND,
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Fig.5 Angular variation of CaGa,S,:Mn?*, La** rotated around the three crystallographic axes at 4.2 K.

4. F£i&

REE* LIRINICE D MNP REEN OB FEO A =X L& MWAT 5 HHT,
CaGa,Sy:Mn*,, REE*, (REE = La, Ce, Yb: x = 0.2 mol%, y = 0, 0.02, 0.05, 0.2 mol%) Hii& et
ZUERIL, ESR KON PL JIE 1T o7, HEOH H30ECIE. REEXTRINIEE ORI AL,
Mn® @ PL &' — 7 BEENHITR S, RO ESR BBl Sz, LasL, HIRo 2 0ike
TIEZOEN AL NI o Tz, REDEFOAERFEOTHENS, Z OfF 51X REEFIZ
FOAMMENZEL LT Mn IZHRL TWD Z ERRBE I, R BRI ELSE T
W2, LA L ZORMDE B MNPZ OREHEICRKESEE L TWHEBZ O,
HROMENLETH D,

B
ARMFTENE STERRF 28 D FLNL R AR HOMT TET AR T B S 926 (R 21 - 25 4R ) I & 25 8)
i Z 5T T,
BE R
[1] F. Boitier, C. Hidaka, T. Takizawa, J. Lumin. 129 (2009) 554-562
[2] $nARNEZE, RS, H T, B8, 5 59 RSB FEfREGHHES THE (2012)
17p-E2-3.
[3] S. Nomura, T. Takizawa, M. Kai, S. Ando, Phys. Status Solidi C 6 (2009) 1317-1320
[4] T. Takizawa, T. Obonai, S. Nomura, C. Hidaka, Jpn. J. Appl. Phys. 50 (2011) 05FGO01
[5] C. Komatsu-Hidaka, T. Takizawa, J. Cryst Growth. 222 (2001) 574-578

90



EuGa,Sy AN A DI & iFsim R

Photoluminescence and transmittance of sputtered EuGa,S, films

FREE TR BT SRE T LR
TAER:
Minoru Dohi
Department of Electrical and Electronic Engineering
Shizuoka Institute of Science and Technology,

Abstract  The sputtered EuGa,S, films deposited on the substrates heated
at 550-640 °C had the surfaces smoother than that of films post-annealed at
800-900 °C. The EuzGasOg; films deposited on the substrates heated at
660-800 °C were transparent and colourless, and had smooth surfaces. The
films were deposited on the cooled substrate for 30 min and sequentially
deposited on the substrate heated at 640-700 °C for 10-30 min. The films
had high transmittances and exhibited yellow green emission.

1. XTI

(bR LA TdH D EuGaSs 1. Eu Z LT NEBENE < | BLE TR
R ARLE N LD, L—F~OISAREEREA TS M | EuRed
DRI E W IEFRFIZ O N D T LD, EuGaSy b5 2 Lz kv, mX
KL —FOERO AN NS 2 b b Y, I LD ED —DIZ Ay Z Y 7 )
FTHNDHN, BREZEGFIL TERL L7 BuGaS, A 3y Z X, AXv X LTI-£F Tl

HHAEREZT, 800~950 CTT =— /AT HZ LTIEILDTHRANBETE D, L
L. 7 =— A OBBRTERPFRND 20, ZHB L—PFISH~OLF & 725 9, 40,

Forld, BREMBLUTIDRETA Ny FEZER L, 7=— VL TR NELBIET D
EEBIT, REDORNEMZ D Z & ZRl kAT,

2. EB
K —2y FOEENE LTIE, BK EuS (R 3N) 3 X UK GaSs (M 4N) %
%wmflLEWM4wMy%ﬁﬁwﬁﬂ%E%%/)/& [C AT, #9107 Pa
DOEZZZH|W =1, 0.9 atm @ Ar S 955 CT5 H#Fﬁ7’4_‘/1/l/f:o Z L T,
A UDHSETHERRKICL, =& /7 — L & B/ 90 mm, &S 20 mm OFEHA
WHTAM vy — VI ANTHE L, =% ) — VEARAREIE T —T v e L
77
BEDVERLZIE if = 7 % b 2%y Z 458 (ANELVA, FP-21) Z i L7, %3
v B RFHRT AE Ar V., T ADE% 8.0scem, JE/)8Pa L L7z, ANy XK
DO rf XU —T 400 W, A3y ZEERIIL 30 49 & Lz, EWITIRENG IS0 7 A
(10x10x0.5 mm)Z Hv, FtkZmA Okm) U THE, 7203, 893y /e —4%—
TMEL . A%y Z B MRS 550~800 C TR AT - 7=, FEMRAH A L TIER
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L72MBEiE, Ar 2R H. 800~900 C TV =—/L L7z,

L 1 3 1 S E S E (Kosaka Laboratory, SE-30D). iR ITERTRE 7 < —3D
TR E BAEE (KEYENCE, VK-9500) AR T X B2k (Rigaku, ZSX Primus
). X BREHTIEE S X BRErEEE (Rigaku, Mini Flex), Yt A7 ULy et it
JEFE (Hitachi F2000), & 7#h=RI3#axr PL & IERIESEE (Hamamatsu, C9920-02).,
BRI~ VT T v V0% (Hamamatsu, PMA-12) THIE L. BEOFHE 21T - 72,

3. BEBLUEE

WHRUTZHAR, BELOY, 550-640 CTHMENL 72 bk FIZ/ERL L 72D IR 1E 2.0 pm
ThoTo, £7-. 660-800 CTMELL 7 Hob FIT/ER L 72D B IL 0.40 um Th o
Too ANy BRI T 30 9 THDHDOT, 660 CLLEDOEMR TER LZEDORE
THEEIT 640 CLULTTIERIL =56 DU TH D Z EN0D AN LT E, B8 KON,
550-640 C CHNEN L 7= A CIERL L 72 o (3 G CTHh » 7228, 660 CLLED AT
TERL L 7= BT Bl T - 72,

EoRMIREZEZ Fig.l (2
Y, WEINL R EICE
LB Tl 00T
oM, 850 CTT =—
T B L Figl@d X oIz
BTN, S oV RKiE
272> 72, 610 CTMEL
To B EITERE L 7 D 3%
i lE Fig.l(b)® kL 5 1T (a)l
ERTELNZ > TV 5,
7=, Fig.1(c)# L TN(d)I. "’°‘““
ZhFH 700 C, 800 CT
JNEN U 7o i FICAESRLL 72
ETHDHN, 7vA4F4
7 IRfEEmS b, AR
X TCH o T,

WHN U7 B BICVERL U 72 oD X ARBIHT Tk, B 72 v — 2 1 38ih 9, i3 7 €
NT 7 ATHHEEZOLND, ZOfEEZ T =—)L L2 0O X#EHT % Fig.2(@) 2~ 7,
800 CLLEDT =—/LIC XV, EuGaS; DB — 7 NHEZ SNz, ZNbDE— 71,
T == VREREWEE L o TR Y Kb EAL TS Z L2355, Fig.2(b)
BLOE)IE., TN, 580 C, 780 CTHEL 7= Fap FIC/ERL L 72D X #RInlHT
Th D, 580 CTMENL 7= T HICVERL L 72X, B O 7 =— LI L C EuGa,S,
DE—7 BNEEI N, 72, 780 CTER L 72D X #REIHTH> 5 1% EusGasOyp, D E
— 7 DB S, EuGaSy OB — 7 3Bl S n/ei~ 7=, 700-800 C CERL L 7=

Fig. 1. Photomicrographs of the films deposited on the cooled
substrate and post-annealed at 850 “C (a), and deposited on the
substrate heated at 610 °C (b), 700 “C (c) and 800 C (d).
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Fig. 2. XRD patterns of the films deposited on the cooled substrate and post-annealed at
800-900 “C (a), and deposited on the substrate heated at 580 “C (b) and 780 C (c).

B LT Heb BIC/ERL U 7oA. EuGasSs DAL R BRI Th -T2, 1
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Fig. 3. Photoluminescence spectra of the films
deposited on the cooled substrate and post-
annealed at 800-900 C.
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Fig. 4. Transmittances of the films deposited on the

cooled substrate and post-annealed at 850 “C, and
deposited on the substrates heated at 610-800 C.
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R T V=BG RRALIEIC K Y 1R S 7z SrGa,S, i Eu 3R D FE et

Luminescence Properties of SrGa,S4:Eu Films

Prepared by Spray Pyrolysis Sulfurization Method

RESMAERT ERR
K, INEEA AT
Yutaro Tani, Ariyuki Kato
Department of Electrical Engineering, Nagaoka University of Technology

Abstract  SrGa,S;:Eu films were obtained by sulfurizing precursor films
prepared by spray pyrolysis method. Preparing conditions such as temperatures of
sulfurization and hotplate and concentrations of thiourea and Sr(NOs), in spraying
solution were optimized. The double-insulated EL device employing the
SrGa,S4:Eu film as luminescence layer was prepared by the spray pyrolysis

sulfurization method.

1. IZC®HIZ

i THIRINT 4 L — MEGWIE IR CORIENEHRTHLND -, i
EL ZF~DOISHABE SN TV 5D, B EL F7 135 W ERENEE SN ER 7D, BBk
J& OERRAL-CR ST L O EmBEALR R SN TE T, AL — MeEWOHTYH,
BT A ik At 2 SrGasS4:Eu 1%, Eu O EEERINC X 2 BEMEN/ NS WD
ERHESINTWA[], D7, L THSD Bu OIRINEZE MR- 72 F F#EE(L
L, B EL O NBICHND Z LT, BREVEE2ED S®5 2 En#irfsan s,
ZIVE T SrGaS4Eu dEIL, of AXo X ) U 7L > TERISNTW AR, 2 h
DFETIHEELE T o ANNETH H[2], I, JPEETE L TR 7 L —Ey gk
DEHSINTWS, ZOFEL, FEZEF o XA TCREMBHERAETHY, KEE?
(CIS), BHHHEEATO), HIEAR(ZnS) & W o - bt Wi O /ERLZ AV B
TWA[3-5], L, Wb eRBEc B U CiE oo kiifb o s Lvie <, Fkx
DEHIRY TIE, AT — MeEWMDO X 5 72 =52 R b BT 2 HE 1T e, £
I T, ARBFFETIE, AT LU—EREE VT SrGa,Sa:Eu A2 /BRI L, EPERE /s i
B EL FOERISHT 22 82 BE Lz, A%, SrGa,SyEu EE/ERIZ BT
HEALIRE, A7 L —HORy N7 — FOREIRE, A7 L—EETD Sr(NOs),
& F A IRFBEDPRENTKT DR ZHE LT THET 5,

2. EBRIGE

A EE LT Sr(NO3), (50~100 mM), Ga(NO;3);-8H,O (100 mM), EuCls-6H,0
(0.5~1.0 mM), FARFE(200~1600 mM)Z MKIZEFE S TA T L—wik A FR LT,
Z I E N OMAIEIE Sr:Ga:Eu:S = 0.99~1.98:2:0.01:4~32 O#iH T4 L &7z, Fig.lIZ
RTHEORA T L — AT ML - T, ZOEHK 10 ml ZINEZ 7z Mo Hifi _EIZ A
TL—7F 5% Z & TRIBMAEKE Z 157, EBMBHAR > N7 L — N OREREIX 300~
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Linear head

Linear motor,

Gas regulator valve - -==-=----------------------- oo -oooooo-oooooooooooo-oooooooo
Spray nozzle H H
T A Tempax glass —+ Front substrate :
,,,,,,,,,,,,,, ITO . Transparent conductive layer.

T ZrO, —— Upper insulating layer

| i . 9 —— Luminescence layer

Syringe Air B- SVG02S4.EM 1% Yy |
/ 4 compressor ! Zro —— Bottom insulating layer ;
Sorayi Molybdenum / \ 2 '
praying bstrats Substrate holder H |
solution substrate \ Mo —— Back substrate ]
Hot plate N e S

Fig.1 Schematic diagram of the spray apparatus. Fig.2 Structure of double-insulated inorganic EL device.

500 °C O#iPH T 50 °C T oEfb s w72, A7 L —I1IRKETFT T, ¥ VT AL
L CIEMEZER & W Tz, TR & T AP &IE, £ 240 1 mU/min & 8 Imin & L7z,
Fm, ) AN —EAREEEREIL 20 cm, A L —BERNE 10 45 & L7-. RBEATER 2 Fiql
KFEFRIHR. (HaS(5%)+N,) T 3 BEIARIL 95 Z & T SrGa,S4:Eu 1 %l & 157, bk
FE1E 600~1000 °C D#iPH T 100 °C T >Z{L &7,

XRD IZ & 2 #t s, EDX IC X DAk, PLIIE S X 2 3 e o F 217 - 7=,
PL HIE XL eI & LT 325 nm @ He-Cd L — Y —Z2 W T=IR TITo 7,

£7-, MkEIEIC Zr0,, FEEJEIT SrGaxS4:Eu 2 W T, —HEHuigaE S o Mk EL %1
EVERLU7=(Fig2), 7> /3y 7 AH T A BIZITO Z1ERL7-b D% A, Mo K&tk iz
7105, SrGa,S4Eu, ZtO, DIEICFEE L=t DE B L L, AL BAEAESHELZ L TH
TEER LT, INOLOFRBIZETAT L—BNRIEIC X > TER L7Z, ZrO, Ti,
7k 10 ml {2 ZrOCl,-8H,0(50 mM), ITO Tl 2-7 1,37 —/L 50 ml {Z InCl3-4H,0 (20
mM), SnCly-2H,0 (5 wt%) % ¥ fif S B 7210k &2 V> CHifs 2 /ERL L 7=,

3. ZERFERKROEBLE
3.1, FifbiR KA

A7 L —11Z 600~1000 °C Thifk: L 7258} XRD /3% — % Fig3 ITR” 7, 2 b
DOFREHT, AT L —FDKRy 7L — FOREREE 400 °C, A7 L—EEFO
St(NO3), & FHIRFDIREZ E N Z 4 50 mM, Table.1 Atomic composition of the films
200 mM (ZFEE L TR L 72, 2 ToORET sulfurized at 600~1000°C.

SrGa,Sy DB — 7 ZfEFR TE 7213, GaS; & ample Somp“igzn Ofelse;nems (ig at'%)Eu
Mo DB —7 RFAE LTz, Mo DE =213, & Sichiomety 0 2857 1414 57.14 0.14
MMV, F R TR A E LTy SR 483 2752 1351 5331 0.84
RNt e s P s s
EDX |2 % > T BRI E 7T, 2T W0 1432006 003 5569 076
BT Sr oMb EmmE L0 DR o Te, ED O 1000 °c 8.65 17.09 810 65.16 0.99
728, Fig.3 @ Ga,S; O B — 7 [IfEHF D Sr R @Ga,S, %Mo ¢

WLV AELEEEZOND, £T2, REel 1 e | x| /{ 1000 °C
WAbIC & B MR ORE b LIFELT-, Figd _ ] | @ % jﬁ %00°C
IZPL A MV Z R, 2 TOREFTS30mm 2 o L $00°c
FfHTIC e — 2 2552 Eu”' O 5d-4f BHICL D B » S
T RARESBIS S, By R § .o i 0
FAGIRLEEAS 900 °CICE S L CIRE LR & &8 8 K ﬁ :
(ZHIBI L, 1000 °C THY Lz, Zivh Ofs R LD
BB, LI 900 °C Al Rf et e 10 20 30 R S0 6070
LI Enphrol, Fig.3 XRD patterns of the films sulfurized

at 600~1000°C.
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3.2. FEARIRFER AN

AT L —HDRy b L— FORTIRE L
300~500 °C (228 & TIERL L 723kt PL
A7 h V% Fig5 \ZRd, 2o OFREHZ
WAL E 2 900 °C, A7 L —KiK T D

St(NOs), & F A JRFE DIRE % E L E 4 50 mM,

200 mM (Z[EE L TER L7z, PL v — 27 L
L, RERED LA L L HI2400°C 122D F
THL, FALLEORE CERLZRET
R Lz, ZoRN»E, Ay h 71— 1|

DR EMEIT 400 CR i TH D Z &b
7=, L2 L, Fig3, Table.l & [FEEIZ, XRD
INBE— T HEEE LT GaSs & Mo O)I: 7
ELE L, %Hﬁ.ﬁhﬂ@ﬁﬂﬁkthﬂfo Sr DR
R I N7,

3.3, T AIRBIRER M

Fig.6 |2, x7 L —IRIRH O F A PR DY
% 0~1600 mM (228 S CTIERLL 7=3lkt o
PL A7 NV ERT, 206 O8EHE, ik
IREE% 900 °C, Ay 7' L— FOREIRE %
400 °C, A7 L —¥HTH D SH(NOs), D fE 4
50 mM [ZFEE L TERIL 7=, PL ©— 7 SR
X, BEOLEFLEEHICH00 MM ICEDLET
ML, 400 mM 225 D Lz, 20
FERND, AT L—IRIEF OF A IRFEOPRE
1L 400 mM Wi CTHD Z EMbnroiz, L
WL, THARFOBEZESOLTH, HEH
B o O OFRBITAIEL, S ORI b=
mEambb L0 b D707,

3.4. St(NO;), i FE IR A7

Fig.7 12, 27 L —E T D Sr(NOs), D=
% 50~100 mM (22 S CTERL L 723kt o
XRD /\Z — 2 ZRd, ZiLhOFEHE, fifk
BEZ900°C, K"y hFL— FORTEREE
400 °C, A7V —EEFP O F AT IRFEDIRE %
400 mM (Z[EE L TIERL L 72, St(NO;s), I EE 2
60 mM LA EiZ72 5 L, XRD /NZ—2 b
Ga283 D I:°_7 Z)‘S fcﬁ < fcﬁ D , SrGaZS4 CE %*ﬁf
HD Mo DE—7 DI -> T, Table2 (Z
EDX IC k> T b=kt mrd, A7 L
—ET O SINO:) IR % 81T 5 Z & THEK
?zﬁﬂ@ St Ok EH-L, 100 mM D5

R bbFEm TSV,
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Wavelength[nm]

Fig.4 PL spectra of the films
sulfurized at 600~1000°C.

Intensity[a.u.]

450 500 550 600 650
Wavelength[nm]

Fig.5 PL spectra of the films
sprayed at 300~500°C.

——0mM

———200 mM
— — 400 mM
3 —— 600 mM
= —— 1000 mM
£ —— 1600 mM
E

450 500 550 600 650
Wavelength[nm]

Fig.6 PL spectra of the films sprayed with
various thiourea concentration solutions.

@Ga,S; ¥ Mo

i J«; L A>_k<. 4100 mM
I j& ) K 80 mM
] L M . _NE§ 65 mM

ol F e

e T Tssmu

J P P
i| ,‘Amﬂ AAIL AI AI SOmIM
20 3 40 50 60 70

20[deg]

Fig.7 XRD patterns of the films sprayed with
various Sr(NOs), concentration solutions.



Table.2 Atomic composition of the films — 50 mM

sprayed with various Sr(NOs), concentration | —55mM
composition of elements (in at.%) S 60 mM

sample o) Ga Sr S Eu ‘%
Stoichiometly 0 2857 14.14 57.14 0.14 %
SSR 483 2752 1351 5331 0.84 §
50 mM 842 2378 1091 56.04 0.85 =
55 mM 9.92 26.05 1093 5215 0.95
60 mM 11.01 2523 1271 50.17 0.86
65 mM 727 2472 1226 5450 1.24 i i ' :
80 mM 19.60 21.94 1196 4596 0.54 450 500 550 600 650
100 mM 27.79 1839 1451 38.69 0.62 Wavelength[nm]

Fig.8 PL spectra of the films sprayed with
various Sr(NQs), concentration solutions.

LL, FIRFIC O OFRREMEE X, S DAk
N> L7z, Fig.8 12 PL A2 kL &ART,
PL B'— 7 B, JRE D LA & & 12 60 mM
ICELETHML, 60mM 22 2% &b L
7oo ZTAUE Table2 LV, #EHEFO O D
PR D72 <, 730 Sr DR L MR s b
Do TelOThDHEEBEZD, TIHDRE
s, A7 L—FHEF D St(NOs), DIREEIE
60 mM 23l Tdh D Z E BN o T, SR,
I DICHERBBRZEZINZ AT-DIZ, ZOPRET  Fig9 EL emission from double-insulated structure
AL S 5 e LT A BN B 5 under a sine wave operation.

3.5. MM EL 21

Fig.9 |2, A7 L —EG LT & - CTIERL L 7= S ifiiadiiE o 4 EL 55 1 OB EH]
JNEI# D% 79, FIEE T D SrGa,S4Eu WL, #K4FM: T PL B — 7 5EN
MR &R o TS CER L7z, 1E5%EE(1.0 kV, 1.0 kHz)ZHIIN9 % 2 & Tk o
EL A2 DT R D OHER TE 72, 5%I1E, X VEWEL Bt EG5720, RED
M EBIOEEZ#ES THO0LERH S,

4. K5

AT L —EGRIEIC XD SrGaySe:Bu 2 /ERL U7, 1ERL L 7230BHE, SrGa,Ss @
fhdmAE & —# L, 530 nm (3T PL ¥ — 7 2 F#2 Eu”' @ 5d-4f BERBIZ L 57 o — K7z
R E R Uiz, WALIEE 900 °C, A7 L—H DAy h 7 L— FOFRERE 400 °C, A
TR OF A PRFE L St(NOs), IR EZ 4 400 mM, 60 mM DA, XRD
E—ZIZBFEDR L, OBV PL B EE DL O DREFMTH -7,

F 77, BoEStEORB 2RI AW T T EfBRS S O MM EL E -2 /FR L, EL
HBEMRB LT, ZOZEhn, AT V—EGREE, 2Rtz v 7c ek
EL ZFF1ERUCISATE D Z b o iz,

BE IR
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AN VarsEHWERIA—EIZED
YVO,:Bi F /8 YR D /R

Synthesis of YVO4:Eu Nanophosphor by Microemulsion-mediated Polyol Method

RSN FRTE ERR
Mmoo PR, BkaT E,  EE AT
Akira Ikeguchi, Atsushi Isomae, Ariyuki Kato
Department of Electrical Engineering, Nagaoka University of Technology

Abstract Poylol synthesis utilizing microemulsion as microreactor was done to
suppress the aggregation of YVO4:Bi nanoparticle. The particle size of the sample
prepared with microemulsion is 40 nm and the aggregation was suppressed. This

method was able to decrease the synthesis temperature to obtain nanoparticles.

1. (3LHIT

WA T RIS EL AR E kR 2 72 0 B CIC S Ty, 7/
IR OIERNZIZ Y VR Y — < WERNALED VTS, o VR —< B & I
L7e FEEL TRV A — WIEDR R R I TV Dy RUA—/{EEIT, OH FEEFF OIS A
AL CH R+ 2ER 32 595 C, BLialBE ) D@ 2 FF ORIy 3% L — gL T
B, KO EZIGT2ENHKD, ZNHD FIED RSO —DIHER U TR 1136
EMBZNERBITONDD, VAR —<EIcBW i~ /e~ var 2 H0bHE
CEEDNZ BB LS BE N DD, A7 BT L gy LA L DRI AD
PRWNRARIR O TE R 2 WA TI B Z AR L TOASBRDOZET, I E
O ESREIEAINHIL B DBHEZ B ZENTED, A RNTR A — ki~ A /nT< )L
CarEAVEWE T IREE R TIENHDILTWDE AT AR YVOLBigDF ki 1O
Bk E R T,

2. EBRGIE

RUA—EDERIZEB W T, ETLF R ED Y205,V,05, R—/3 b L TBiL03 &%
NENEE CIREL . ThbZ 50ml DY TF L7 Va—(SP fl:12.9)Z & A LT=, D
%, MEL T n-R7 2(SP M 7.9)% 50ml, A miEHEAIEL T 1-7 %/ —/(SP fE 11.3)%
50ml, FmiE A &L T span60(HLB i 4.7)% 2 FALSE, 56~/ ya % 60~
180°C TAA/N/NAT 3 REREINEGETT L7, (SP EEIXIRIEIA T DOIRE V3 2R E T,
SP AL CODIEIEIE T EIRZD S50, HLB EEITBLHNE — BIKMED /T 2% IR
THAE T HLB fEA/ NSWNZEBIMMEDR @< D, ) E D%, TR Z 00 B TR L,
T )=/ THEE L, RO OH 2 BRSO E SN 650°C,30 23 CTEMLBEL 7=, 7=tk
WD DR A — B~ A ram~ )L a2 e -T2 56 SHICY LR —~ L
BlZvAruo< L Var e W ITETUERZAT o7, Y VR — < W ETITES L
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D Y,03,NH VO3, F—/S R LT BiOs 2 EHUHERE THAE L 20ml DifiZk (SP
i 23. T A LT, FETEIEAIE LT span60 Z 1z 80°CC 30 sy gk, WwiZIHFm sk
FlL L CTx=H /) —(SP il 12.7)% 20ml 1z 80°CC 1 HRRI#HEE, izl THL AR
(SP £ 8.5)& 20ml %, 80°CT 1 BFfAIffEFEL . =~ Par 2 fGlc, £D%, A —b/L—7
T280°C. 3 KFIINEAL 7=, 2 D% ILEW A2 Oy B CRO L, =% /) — L TR LT= 1% .
BT 1000°C, 2 FEH CEMLERL 7=, 2 HD I TYERIL =) /4 YR 1E XRD,SEM,PL
(o TREMEREAR L 72,

3. EBER

Fig.1(a)~(IZRV A — MiEIc~ A 7n < Lg% VT 60~180°C % THERIL 7=k
F® SEM M%7+, (a)180°C, (b)100°C, (c)80°C, (d)60°C TZAL<E 41 40nm, 70nm,
100nm, ~200nm &7¢0), AR R EUINEE RN/ NS DI Ny hhoT, Flhe~vArnm
TN Var ORI T R TOR A IZB W TEE NI Z 53TV, Fig.1(e)~(h)iZ~
A7 axz<Ya & AT 60~180°C TRYA— A THERIL 7230k SEM 4
o9, RiEIE (e)180°C, (H100°C, (2)80°C, (h)60°C TENZ I 40~80nm, ~300nm,
~700nm, ~1 pm 720, AR N EWIEE RIS IR D ey inotz, i, ~A7
newLvarEfHWniEmnolziod R+ OEEN S, KA X~ A /nT~</Lyay
WA L0 K& Tz, I Fig 1) 280°C TV VR —~ LyE CIERLL 7=
B> SEM [ifg 1797, hifeld 100nm E720 RUA—/ Lk J5 58 IRV EE T/hEL
KA B TETNDIEN o7,

i

380nn

X 30, 000 ) X 30, 000

Fig. 1 SEM images of YVO4:Bi synthesized by polyol method with
microemulsion at (a)180°C, (b)110°C, (¢)80°C, (d) 60°C, those by
polyol method without microemulsion at (e)180°C, (f)110°C,
(2)80 C, (h) 60°C and that by solvothermal method with
microemulsion at (i) 280°C.
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Particle size [nm)

DRI O A X DA BGRE KA EE Fig2(om 3, ARERE D ERIZ -
TRV A XDNEL o TWDDONGIND, Flz~vA 7 nx<)LyaraHuni-;
G IRE EFICE R A XD D72 <, S BAZE LIZFIC LR FRE
D S, EORETH —EY A XU FOR B EONDHEN 0 oTo, LLEOKE
RIV~v Az~ nrarzHVWHET, BEOMR LI —MEDH LR F 1 F5N 55
Doahotz, £z, ERIREZ100°CLL FEEL LA TH, v/ Zue<var a2 Hung
ZETFH IR DG LNDEN I -oT2, IRIZ Fig.3(a)lZ PL A-X7 kL Fig3(b)IZ & —
7 BREE DIRFERTFMEZ R T, T XTORED BRI — 2 H3560nm D FH AT K55
Nz, ~4 7ax<ya a0 ngRl 42— iETR0C THAK L7z b DDt
ENEbENoT, £~ 7 nx< Ly a ARV No AT 2EHIC, ~A
sz nya rEANEEE LD LWL E IR L, ZHUTRL YA X0z
PES RE RGO DICE DD THLEEZOND, T2V VR —~< LIEDR LR
Bii~vA/7nxz<yarafl0nRY A= iETOCTER L-H O LT[R
EThoTe, ZORRELY, YVRY—<EX Y bfERRY F— kT Y LAY
—<EIZLD LD L RIEORNRE 2o ) A ROk B EoNn-E Wz 5,

800 1

a
700
® Polyol method w/ ME
600 - M Polyol method w/o ME
500 A Solvothermal method w/ ME
i
400
300
200 - n
$
100 ‘ ’ ‘
0 +—— ‘ 20—
60 80 100 180 280
Temperature[’C]

Fig.2 Synthesis temperature dependence of particle size.

----- 100°C w/ ME

— -+ 80°C w/ ME
"
60°C w/ ME L 2 P o

2 ~——180°C w/o ME 5
£ 5 ¢ =
@ ——100°C w/o ME £ *
g § # Polyol method w/ ME
= ——80°C w/o ME E

——60°C w/o ME M Polyol method w/o ME

——Solvothermal 280

Solvothermal method w/ ME
— ——— - L = . —CC — .
400 450 500 550 600 650 700 750 800 -
wavelength[nm] 60 80 100 180 280
Temperature['C]

Fig.3 (a)PL spectra of YVO4:Bi, (b) Synthesis temperature dependence of PL intensity.
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WIZ, Fig T A LTRL 0 X #RalPT a1, £io, AR OBVLEEFIOH DD X #jA]
P d, ZOFEENDITEALRIFT YVO,D ICDD 7 —H#&—F L TNy, —E ki
T CARMFED DTz, ZHUL VoOs R EL Tk~ om0 B 26D, o, Ak
HOBIFRZA TR T28E8 TH YVO,D ICDD 7 —# & —#H L=k + 1 Ebhi-, oF
DRV — /BB T =T Lo 7 Va— G EER A L TINE T 57217 T YVO4:Bi 2
BONTWDBEFITRDN, FHIIESN 20 o7, BN ESNI2 TR IR LT
FRHTORL 12T = F Lo 7V a— 00 OH XM E L TBYRENET Q=B 2 bh
5o B%OBEELTIX, 20 OH ZEBW RO D FIEDORFTEITVTZ,

3 | | 1CDD
= I { T P | 1 [ ¢ L
= T T T ¥ T T T d T T T T T v T T 1
= O tatrmimper s enten] womtsrtse i i el eh etk 80C 7/ ME (2)
- T T o T x T o T N T ¥ T ¥ T x R
= o 4\ 100°C w/ME (b)
; T L) T o T Ll T Ll T L] T L T L T L) 1
= ——h—— Nismssordoprmestrensaiomad o 80°C 30 ME (©)
3 T v T v T v T T T T T T T T T T

7 3 - T N 60 w/ME (d)

g 3 . — . . . ~ .

: 3 ' “f t g K ' 180C wio ME (e)
:: \ =, . oy W ") .
E Wl Z:%m%t@‘ - abens - 100°C ~W/9-ME (f)
E = K h s e emeenne 80°C._W/o ME ()
— T L T . T . T » T ® T L T L T L
Eg [NTTREIIESSURIY WO W T Nt 60°C w/o ME (h)
:: T 1 T ] T ®: T r T L] T 5 T L3 T 1 L
3 Aol Dn YW \ Without thermal annealing (180 w / ME )
o IIO ..'O 3'0 4'0 ‘IO 6'0 7'0 S'O 9'0

Fig. 4 XRD patterns of YVO4:Bi.
4. LB

vAruxTeNTYarcANTEARId — B TRREN ALY — o Rnz
YVO4.Bi KN EONT-, v/ 7am~/LarZH0E5E4E . 100°CLL FOKIEASRRICE
WTHT TR DGO EN G- T-, ~f7ax~<)Lyar a2 N80 CHOE K T/ /L
RV —< AL LRI DFENTRE | A RXDF SR M6, Btk OBVLE 21T 7
o7 3555 T YVOLBI BN E R CTE TV, LL, ZORABIEFeIE6 T,
ZHUTRI - FEEIICFE T OH AR L b,

BEER
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Fabrication of Perovskite Phosphor Thin Film by Electrophoretic Deposition Method

RERMHZERE BIXR
“homE BE, MEE AT
Riku Kato, Ariyuki Kato
Department of Electrical Engineering, Nagaoka University of Technology

Abstract AZrO;:RE (A=Ca, Sr, Ba, RE=Eu, Tb, Tm) powders were
prepared by polymerized complex method using citric acid. BaZrOs:Eu’*
films were prepared by electrophoretic deposition (EPD). An EL device with
double insulating structure was prepared by EPD and electroluminescence
was observed under the room light.

1. IL®IT

UTHE, dOBROIGH & U CEME EL, A6 LED &0 ER2HEO TS, TOHTYH,
R EL |13 LRI EME, ISZHE, 5 2EEO R THER STV 5D, Lo LERH)
LI 100 725 200V DEEENSLE R Z ENETH -T2, i, <un 7 2048
f2{b#) CaSrTiOs:Pr Z 2D Z & T14V & WO IKREBIEBRENCKII L= & W o ERH
S72[1], a7 RAhA M-SR R, wEEEN, LN LZEEORER S,
R EL HaotiR e LTHIfF SN TV %, M EL B2 FRT 2RO EE L
T, 7OV A L —HHFEEPLD)R ANy # U U TR OREN L FHET D, b
DFHEDL NTEZEZLE L L, B EL OFE TH 2 K b2 W & v 5 R
D, EIUTK UEKIKENHERTA(EPD)ILHERT R DO BRETR IR L 7 BRI E R %
FIIN4 % 2 & CHREZAT O HiETH Y, IFEZE, FIR CHRERRET, BV 2 3L
L7aWes), REFE CEmEREREERGITK A N THLIZENTE LR EDBH D
[2,3], 1A EAOMKREEAT DO EROMAAIIRI-NTEEETHD Z L0,
TR L 2 HUIN LR ERL 21T 5 O TR O K& SSLBARICB 3 2 il 23 8
LEOFR LD D,

AMFFETIX, EPD ICE D X7 2 A Ma RO ER 237 72, £7°, RGB ¥
WEmT 2L TMLENTWSES, O, Tm® O HECHERE) 2RI LT-_a 7 27
A FHRAEOEIA AZrOs:RE(A=Ca, Sr, Ba) [4, 5]% 7 = VeSS AE AL TIERI L7, o h
7o IR R & VT EPD (2 X B IR L 21T - 7=, EPD %17 9 5ttt (RIEOFEE, F
INEE, SRR O pH, HEREEIER) 280 LR D, FBE MR L 7)) E MR &) O
Mhia4T->7=, &SIZTEPD ICLV EL EFOIER AT 72D THET 5,
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2. EBRFGIE

ORI R OERNZ ITE N 72—, AR, K HSREMR =
émﬁgfé&@ﬂb@ﬁi/&%méé@%&mb ITOEAE
161, HFEAEHTIZT A7 U 1484 B BaCl, 2H0(E W
721X CaCO;, SrCOs, BaCO;), A F v ¥/l a =1 Ll 5B AJB (BaTiO,)
ZrOCly-8H,O( % 721X ZrO(NOs),-2H,0), #r L E bW 27 UL REEIR
Eu,0;, Tb,03, Tmy03 & V2, AL EimIc & Lz |_

(=)
DR R CE - U TR S, R L s
Nz 12 BT 5 2 L T b — MEEITS72, F  structure of the EL device.
L— Mk, e L7 a— e Mz 425z &
T MeEsE, FvE 350 C TRV RS 5 2 LS L0 BIBRA A2 157, BB AR Z K&
T1000°C, 2 M D BERL 21T 9 = & T AZrOs:RE(A=Ca, Sr, Ba: RE=Eu’’, Tb**, Tm*") % 15
7o A BT MRITK LT XRD 2 & 25 i, PLIC X 258 R ORHli 217 > 7=,
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Fig.3 PL spectra of AZrO;:RE(2%) (A=Ca, Sr,

Ba, RE=Eu, Tb).
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The layered semiconductor GaSe of photoluminescence spectra

LR, AT m S MRS, iR
KEAR, kE R, WHE B, Melekse’, HEE T
Okayama Univ.of Science', Isikawa National College of Technology?, Miyazaki Univ?
°N.Ohsugi', M.Yoneta!, S.Seto?, N.Kamiya?®, K.Yosino?

Abstract We have studied the optical properties of the layered
semiconductor GaSe grown by the Bridgman method.
Photoluminescence spectra were observed at the range from
1.6eV to 2.2¢eV, and two dominant PL peaks were detected at 4.2K.
The PL peak intensity decreased with increasing the temperature.
The PL shape wasn’t be changed by varying the excitation laser
power. This behavior indicated that the PL peaks were created by
the exciton.

1. X T®IT

GaSelt EW1EGalii 1 & SeJf 10> DA AL S 41 D TM-VIF L AW 18K T, kT
FEDH72 5 GaSe. 8-GaSe. a-GaSejos. B-GaSesNEIHAL TV D, TDOHTH
GaSelZ AR L7cGaJR - L Sefil 7D gt A L LT, BET 28 BIT7
7T NI =LA S THAE L TS, 29 LR REIREEIZ X » T, GaSe
T LB AT R M A~BHITERT 5 2 T& 5, 72, GaSelX=IR T
20eVIHEIZ Ny R¥ v v T2 b MbEWFEERTH S Z & n | JEREEICE
KT ofEMmESEEEE - T, B, KEEMEHEEL IOy 77 —@ %X
U ETHEFT NA A, RO R 72 EONEEWRE TR LTS
NTWB[1-8], LLARG, IVIE, HI-ViE, HI-VLiE : SO EERIZE
i 5B 72 B S AR SR el L €, TTI-VIE L S -8RI 2 B4 2 B O TR
R EAY- AN AN

o O 7 N —7"TlE, NI-VUB{L AW 15K GaSe DT A 2 EE LT
iz m A a2 AT 720, IREAREEREEIC TGaSeftisn 2 (E L, &AM
MFFEICED ATV D, ZAvE Tz, mEEARMEEEEIC TR L 7-GaSeftiguiE
JERREEZ A L, FOERAEITIEFITE VI EHEMEEZ 22 L, [004]07 A ~EL A1 2 #f
DORFAERBEE L FF-> TV D 2 &2 WA L72[9], FEFEHE LV, =IEDGaSe
DN KX ¥ v 7 132.01eVATIZH D Z L 2BIE L, WEEREIC THZES
DWW e — 7 3 RINICH KT 5 Z el Lz, i, BUEE LD .
OKIZH51F 5 GaSe DJFhiEe +RIN = 3k /L F—(32.111eVTH D & AL - 70, AFSE
Tl IRE BB 15 1C TR U 7= GaSeft it DI CEME 2B 5 2§ 5 72012,
7% MV IRy U AREDOFERICOWTIET 5,
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Preparation and analysis of ZnSnAs, / InAlAs layered structure
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Si(lll)DD GaSbO0OOODOOODODOOODDOOOO
Structural study of high quality heteroepitaxial growth of
GaSb thin film on Si(111) substrate
dooooooo ooo ooo
gooddu ooooo oooo
Hideyuki Toyota, Yoshio Jinbo, Naotaka Uchitomi
Department of Electrical Engineering, Nagaoka University of Technology

Abstract GaSb thin films have been grown on Si(111) substrates by molecular
beam epitaxy (MBE), using an Sb template as an initiation layer. The film’s
crystal properties were investigated by in-situ reflection high energy electron
diffraction (RHEED), atomic force microscope (AFM), X-ray reciprocal space
mapping (RSM) and ¢-scan X-ray diffraction (XRD). RSMs around Si and
GaSb 224 reciprocal lattice points indicated that the GaSb thin film grown on
the Sb template is nearly unstrained, in contrast to that grown on an AISb ini-
tiation layer which is under tensile strain. The extra peaks on the ¢-scan XRD
profiles can be assigned to {224} diffraction originating from a sub-domain re-
gion, that corresponds to the region rotated by 180 degrees with respect to
the fundamental domain of epitaxial film. The very weak intensity of the ex-
tra peaks suggests that using the Sb template is an effective way to suppress
sub-domain generation in the epitaxial film, resulting in a higher quality GaSbh
thin film on Si(111) substrates. The spotty RHEED patterns observed were
analyzed as a superposition of zinc-blende type diffraction spots on the [111]-
[211] plane and [111]-[211] plane, indicating that the GaSb quantum dots at
the initial growth stage are not randomly orientated polycrystalline structures
but a two-domain structure with zinc-blende type crystals.
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Photo-induced change in surface relief of chain thallium compound
RBRF LR R e TPk SeRt e 7 - B S BB 1 By iy
Mg SEdE Y, vk AHER!, M HEFOR *, Nazim Mamedov?,
KEFRBE T, FETRL?, TEARL DY UBET T I—

Abstract Recently, local and macroscopic photo-induced expansion has been observed in
ternary thallium compounds. In this work, we attempted to reveal change of the
surface relief between before and after photo irradiation. It was revealed that the
photo-induced expansion ratio was growing up with increasing pumped laser
power. In addition, higher pumped laser power derived more localized surface
relief. It was also shown that surface relief with photo irradiation show anisotropy
between parallel and normal to the chain direction of thallium compounds.
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Fig.2 Surface relief of before and after
photo irradiation.
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Fig.3 Three dimensional map of Ah.
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Temperature dependence of dielectric function spectra in layered TIGaS,
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Abstract  The incommensurate material, TIGaS,, with layered structure has been studied
by spectroscopic ellipsometry in the temperature region between 80 and 400K. The energies
of the interband optical transitions have been determined from the obtained dielectric function
spectra by the standard critical point analysis. From the temperature dependences of the
transition energies, it was found that the Ev7 transition shows peculiar temperature behavior
around Tj.temperature of normal — incommensurate phase transition.
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Characterization of crystal structure of ternary Tl compounds
by the optical second harmonic generation
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i EFAs L Nazim Mamedov®
Chiba Inst. Tech.!, Osaka Pref. Univ.?, Azerbaijan Inst. Phys.?
°Y. Araki!, K. Miyamoto®, R. Asaba’, Y. Shim?, K. Mimura?,
K. Wakita', N. Mamedov®
E-mail: s0722011VS@it-chiba.ac.jp

Abstract Optical second harmonic generation (SHG) has been studied in
TIMeX; (Me=In,Ga, X=S,Se,Te) compounds with layered and chain crystalline
structures. For layered TIInS; and TIGaSe,, SHG signal has been observed in a range of
temperatures below the point of phase transition into ferroelectric phase for which
asymmetry is prominent. On the other hand, the chain TlInSe, and TlIGaTe; have shown
SHG signal at a temperature above 270 and 293K, respectively. Both the TlInSe; and
TlGaTe; have symmetry centre at room temperature and second order optical
non-linearity is an artifact incompatible with their bulk structure.
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= DALAY O IR 2T ;of%m%wA%%ﬁéza%mbfk@3%
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72 ED R TIMeX 1T =R IV TZERIFECS, Th D b an i (X O 6

D, LML, fdatE s o T LR B3R BB OIRE CE LK T L TR
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B 0 FIRAFT ®mfﬁﬁfﬁ%ﬁﬁt LA H 5889 U h b b R
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Figure 1. Experimental set up.
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Figure 2, 313 U IR EE G T & 2 THNS, & TIGaSe i it 0 SHG D iR FE (R 174
TH D, THNSHUZ OV TIITTK TIRWSHGE 5203l S5, 8 5 EIXIERED
A& & HITI60KAITIZ B W TR L192KTE SI31EET 5, TlInS,»
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Figure 2. Temperature dependence
of SHG intensity in TIInS..
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Table 1. Temperature of phase transition in TIMeXo.
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Figure 4. Temperature dependence
of SHG intensity in TIGaTe..
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Figure 5. Temperature dependence
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First-principles study of oxygen-dope states in II-VI semiconductors

ZEVIREUN
Masato. Ishikawa
E-mail: masatoi4854@gmail.com

Abstract Oxygen(O) doping for II-VI semiconductors. To understand its
origin and feature, the chemical trend of reduction is studied by the first-principles
calculation with comparing the cases of various II-VI compounds. We found that
II-VI semiconductors are categorized al least into two groups. This fact promotes
the expectation that O-doping into II-VI realizes the mid-gap band-states useful
for solar cells. However, there are no systematic studies for the O-doping into II-
VI systems.

LER-BHH

-V AL G ERIZE R E N — T T HE N REIEIIV Y 7 vay (fite) 2T
TN EERA - BEER AT EIDALTWD A TR DOBFEIZ L > T -V R LA -8RI
BRF 1 OfEFEEZR—7 L Ch AR BIG N A5 Z NS Tn5[1-3], T1-VI
WRAEARIT -V BRI IR TAA DR, U RS L E BSEBAR T AR
Xy TR THENHY, T A Z~DISARIESNAM B R Th D, SHICHE
FER—7L7= ZnTe, ZnSe ZETIXVE 7 aL LIz /S RE vy 7 % AW TR B ~D
JEHNZ AT TR ZE0 TV TND[4-9], L LIBER — T %AT 20X 7 a DAT
SALCOWTIAR R ZNZ N, FRICRFER —T LIz ZnTe OFENEFRZR—7
L7z M-V BALA - ER O HEER L O B A CAE M 27~ 3 B 1T 570> T
VN, FITHEXIFTEERRN— 128D -V LA 8RO N R E&E DV X 7 ay
DATI = AL DV THAEFH R 2 W 21T -V B S W5 E Hrig i
HEIToT,
2. 51

BB GBI BRI RS W B UG A A L=, AWESoTT
SRR 7% 32 {8, VI 1 31 EE R LE OF 64 [E) bRk S o7
TV R EEE W (Fig.l), BERIR 2 RICEEL T3%DR—7&E L7, 1
JEAZIE Zn 2528, dE - REBEL CUhE - 2UXdE F08%Mx T, 10(=2
I CEHEAFE M L7-, FHEIX ZnS, ZnSe, ZnTe O3FEF DM B a3 E L=,
ZIS ST DR ARSI T T L U R HEETHY L VI RIS, Se. Te &1
WAZEIZINAF LD EB B Lo, IR CIIR RN L AEFNALR—7 12
KDL E DR EFEM LTz, FHREAEROD NSRS, TR IT5E 1-IREE
DL EAT,
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Fig. 1. Schematic illustration of cubic unit cell
system adopted in the present calculation, in
the case of O doped ZnSe. This unit has 32

i Aiis Zn(Blue), 31 Se(Green), and 1 O atoms. The
atoms on the boundary are fixed at the ZnSe
bulk positions, while positions of other atoms

@ T W g Se are optimized. Doped O atom is located at the
-9 center.
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GaP DN RHEEZ R T, ARER D N/ S RIF VT DR Ry T NIZERZ D
2sHLBIZJRIEL Y, TN DRERF DN RISV TERICICR -T2, Zi
ZnTe ONNURIEEDVZ 73 a0 08 GaP LRILE—R THHZEE L TD,

Energy[eV]
Energ[eV]

-1 -
X r Z X r Z X r

Fig.2 Calculated band structures of O-doped ZnTe The bands below 0.0 eV are
valence bands. (a) shows band structures of Bulk (reference). (b) shows band
structures of O-Dope. And (c) shows band structure of N-doped GaP(III-V).
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Fig.3. Calculated wavefunctlons of I -point states of O-doped Zn'le, (a) a, (b) b,
and (c) ¢ states shown in Fig. 3(b). a is a valence-band state of ZnTe, c is a
conduction-band state of ZnTe, while b is a localise O-3s orbital state.
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NEAZAMET LTl 0 | WEBEBIIERR 225 In Jiif-F TIAA 2D Hybird E— R
ThD, F£7-2ZnS DFFEFERD ZnSe LRIUTH D Z & MR Lz,

(a)\/ 3 (b) ~————— 3 (c)
v

\ / , N e =
B} |
o Gap
5

Z : 0 0 /;éé
X r z ! X r Z ! X r z

Fig.4 Calculated band structures of O-doped ZnSe The bands below 0.0 eV are
valence bands. (a) shows band structures of Bulk (reference). (b) shows band
structures of O-Dope. And (c) shows band structure of N-doped InP(III-V).

* ® .-
Fig.5 Calculated wavefunctions of I" -point states of O-doped ZnSe, (a) a, (b)b,
and (c) c states shown in Fig. 4(b). a is a valence-band state of ZnSe, while b and ¢
are hybridized conduction-band states between O and Zn.
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(Pb,M)Sry(Y,Ca)Cu,0, (M: Co, Ni, Zn) ®
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Chemical composition and electrical properties of
(Pb,M)Sr,(Y,Ca)Cu,O, (M: Co, Ni or Zn)
BAIHABERET OHE ME, BR XBE &8 EM, EH #
Kochi Univ. Tech. °T. Maeda, T. Tashiro, M. Haruta, S. Horii

E-mail: maeda.toshihiko@kochi-tech.ac.jp
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Phase diagram of Nickel silicide in strain field
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S.lizuka, T ,Nakayama, Department of Physics, Chiba Univ.
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1. E= - B®

FIMEEDT N ATIEEAST B R EDERREGVDRAE L, BHE OME CTIIFETE RV
FRBND Z b D, Fli, WIKROEH - AIGZNV—7TiZ, SiFH /A4 F—ITNi v U ¥
REMmE TR LT-5E, RS CFEA SR Eicy ) Y10 2R 2RI BR 2 WO
VYA RBEETS L2 RMLE 1], ZOREE LT, UA ¥ —% [T S0, BLEEA S K X
BRELHEZTTNDZ L0, VA Y —WiafEo/ NS SRR L OREBRRICE PR Ly
NEZBND, LML, REZORFIZHLNTRY, &2 TR TIE, BUPE#iR o B BT Rb
F—OBLEND, EE NI v U A ROMBAERIC G 2 280 % & 2 ORI Z B EF 5 X 0 Bt
L7,

2, AEAE
AR I8 B BB I C S BB — R BHEN R A e, ARFJETIE. Ni & U %1 R NigSi,
Do, figLITRT, M xiy=3:1, 2:1, 1:1, 1:2 D4 SOMEBE LT [2], EHE LTIL

fig.1 Crystal structure of Ni silicides. (a)NizSi ( cubic AuCus-type), (b)NizSi ( orth.
Co2Si-type), (c)NiSi ( orth. MnP-type), and (d)NiSiz ( cubic CaF2-type) structures.
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