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Abstract We report InGaP-based multistacked InGaAs quantum dot (QD) solar cells, and the
formation of vertically coupled states in a 20-stack InGaAs QD superlattice in an InGaP
matrix. We also report mechanically stacked InGaP (1.90 eV) /GaAs (1.42 eV) /InGaAsP (1.0
eV) triple junction solar cells fabricated using advanced bonding technique, which are grown

using solid source molecular beam epitaxy for the first time.
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Fig. 1 A STEM image and PL spectra of multistacked InGaAs QD layers with InGaP barriers.
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Fig. 2 EQE spectra of InGaP-based multistacked Fig. 3 Excitation power dependence of PL spectra of

InGaAs QD solar cells. 20-stack QD structures with a 4.5 nm interdot spacing.
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Fig. 4 Schematic structure of an InGaP/GaAs/ Fig. 5 I-V curves and the device parameters of
InGaAsP triple junction solar cell. InGaP/GaAs/InGaAsP triple-junction solar cell.
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Application of 111-V nitride film to photovoltaic device
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Creation of Single Photon Source in Silicon Carbide using Electron Irradiation
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Abstract Semi-insulating (SI) 4H silicon carbide (SiC) was irradiated with
2 MeV electrons up to 1x10*" /cm? at room temperature and subsequently
annealed between 300 and 1100 °C in argon (Ar) for 30 min. Very bright
spots were observed in the SI 4H-SiCs irradiated with electrons and
subsequently annealed. From low temperature photo luminescence study
and ab initio calculations, the bright spots were identified to be positively
charged carbon antisite carbon vacancy pairs (CsiVc'). As a result of
auto-correlation measurements using confocal microscope (CFM), it was
found that the Cs;V center acts as a single photon source.
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CIGS Thin-Film Solar Cells for Space Applications
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Shirou Kawakita,

Space Power Systems Group, Japan Aerospace Exploration Agency

Abstract CIGS thin-film solar cells are best suitable for space
applications, since the cells have high effcieny, light wight on flexible
substrate and high radiation torelance. We have demonstrated the on-orbit
performance of CIGS solar cells by using Japanese small satellites since
2002. CIGS solar cells on the MDS-1 satellite were exposed in GTO
environment for about 600 days. The short-circuit current of the CIGS cells
did not degrade, and the open-circuit voltage of the cells degraded by only 3%,
proving their high radiation tolerance. The results also supported the theory
that no shielding materials such as coverglass would be necessary for CIGS
solar cells to protect radiation degradation in space. We have been operating
the Cubesat XI-V satellite for more than five years since October 2005. A
CIGS cell module without coverglass was mounted on one of the surface
planes and the generation current of the module has been monitored. The
result to date shows that the generation current trend of the CIGS module
has demonstrated constant values during a period of more than five years in
orbit. The flight data proves that the performance of CIGS cells remains
constant, even without a coverglass. These results from space
demonstrations must prove the potential for the use of CIGS solar cells in

space.
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CIGS KFHAEMIT, FH MU= KiGEHLF L O H 38 & KEGEME T,
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First-principles theoretical study of optical properties of oxygen-doped
I1-VI semiconductors
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Abstract Doping properties of oxygen into zinc-family II-VI semi-
conductors were studied by the first-principles calcula-tion. We found that a large
band-gap reduction occurs for ZnS and ZnSe, while there is little reduction and
appears a deep level of oxygen in the band gap for ZnTe. Such difference was
shown to reflect the order of energy posi-tions of host cation (Zn) 4s-orbital and
oxygen (O) 3s-orbital states. We also calculated photo-absorption spec-tra, €2(),
and found that oxygen-related transitions are strong in case of ZnTe due to
localized nature of deep level, while transitions are embedded in the band-to-band
adsorption in cases of ZnS and ZnSe due to strong hy-bridization of unoccupied
states of O and II-VI semicon-ductors.
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VRO R HER O R A B L L A B ORELF T TOB[4-6], Ll
BESER — 7 % T o7 -V RO YR ORI IC W IR Th D, 2T
AT G B I AT -V (b A OB SR — 7\ LB I
FHED AN =K AW T AT o1,
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ZnSe CTHENEL7-[7-8,10], FHE TIXMEEEV DRI oEfMZEEL TR+
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Fig.1 Schematic illustration of cubic unit cell
system adopted in the present calculation, in
case of O-doped ZnSe. This unit has 32 Zn
(blue), 31 Se (green), and one O (purple)
atoms. The atoms on the boundary are fixed at
the ZnSe bulk positions, while positions of
other atoms are optimized. Doped O atom is
located at the center of unit cell.
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Fig.2. (a)Calculated band structures of O-doped ZnTe The bands below 0.0 eV are valence
bands. (b)Calculated wavefunctions of I" -point states, in Fig. 2(a)-(i1) . The isosurfaces with
the electron densities of 0.001 and 0.003 a.u.-3 are displayed. (c)Calculated photo-absorption
spectra, i.e., imaginary part of dielectric functions €,(®), as a function of photon energy, ho.
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Fig.3. (a)Calculated band structures of O-doped ZnSe The bands below 0.0 eV are
valence bands. (b)Calculated wavefunctions of I -point states, in Fig. 3(a)-(i)and(ii).
(c)Calculated photo-absorption spectra, i.e., imaginary part of dielectric functions &;(®),
as a function of photon energy, ho.
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Fig.4 Schematic pictures of optical transitions (arrows) observed in (a) O-doped ZnTe
(b) O-doped ZnSe and (c)N-Doped InP.
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Fig.6 Calculated band structures of O-pair doped ZnTe in cases of (a) nearest-
neighboring O pair and (b) separating O pair. (c)Wavefunction of O-pair state in ZnTe
when two O atoms are separated, corresponding to the case of (b).
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Fabrication of visible-light-transparent solar cells and NiO films by sol-gel method.
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RIST, Faculty of Science & Technology, Tokyo Univ. of Science?,
Faculty of Science, Tokyo Univ. of Science ?
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Nickel oxide (NiO) thin films, that is a promising candidate for transparent solar cells, were
deposited by sol-gel method. Single phase NiO thin films were obtained. An optical
transmittance of >70%was obtained in the wavelength range of 500-800nm. These results
represent the first step toward realizing a transparent solar cell using a NiO thin films
deposited by sol-gel method.
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Fig.2 Optical transmittance
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Fig.3 XRD patterns of NiO films

as a function of heating rate.
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LIZUBIZ : FE. N EEY SRR TH 5 InGaN 1E, K& ZERIEREZ AT 5 2 &2 In #iLAK
XD AR Ry v TEHAHIET 5 2 & TREEANT LD EE725457(0.65 -3.4 eV) Z 3R L < 13—
TELZEDLH T ARURGEMMELE L TRERERZEDTVAD[L2], LrLEnD, (WK
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Fabrication of Cl-free Cu,ZnSnS, thin film solar cell by spray pyrolysis deposition

RIEABIERT:, g 92, |t A2, fIR ARk
Nagaoka University of Technology, Minoru Kato, Kunihiko Tanaka, Hisao Uchiki

Abstract Cu2ZnSnSs4 (CZTS) thin film for absorber layer of the solar
cell was prepared by spray pyrolysis deposition (SPD). Chlorine contained
in a starting material of the SPD has negative effect to the solar cell
properties. Thus CZTS solar cell was fabricated without using a chlorine
compound by SPD. As a result, the conversion efficiency was improved
to 0.63% from 0.18%.
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T 30 /HckE SEAER L7Z, CBD ¥EICIIHIKIC CAIy3.51x10° M), FARFE(0.29 M)
B LT DT =T K290 M)ENZT=6 D% HWi-, &EIZ, BEE LT
ZnO:Al Z AV a— MET, FEEMIC Al 2B 224575 THERE S, CZTS HiE K
Bor e 2 ERL L 7=,
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100mW/cm® O 3t % FRET U CELRI L 72,
Table 1 Condition of solutions for CZTS

Solution

CZT S

Metal source

Copper (II) acetate

Zinc acetate dihydrate

Sn (IT) chloride dehydrate Pure sulfur

or

Sn (II) octylate

Composition ratio

Cu/(Zn+Sn)=0.80,Zn /Sn = 1.15 ,S/metal = 1
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Fig. 1. EDX spectra of CZTS film

Fig. 2. J-V characteristics of CZTS solar
cell using SnCl
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Table 2 Solar cell characteristics
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Fig. 6. J-V characteristics of CZTS solar cell using Sn (II) octylate

4. FEW

R EHH L, SPDIEIC XL D CZTS M % (ERl4 2 LR N BEW N T
XD EHMB BN -T2, T CHEEEZEERWVEEIET CZTS HiEs
SPD JEIZ L D ERL L, KIGEHMOIER 21T -7, SRFICHER LA EH W ienZ
(2 &0 R RIZEED RS2 CZTS MR AFRT 5 2 & T&E e, 3612, BEE
ZIAIVETOD 0.18%05 0.63% ~LWETHI ENTE T,

5. BEW

[1] K. Tanaka ef al., Sol. Energy Mater. Sol. Cells 91 (2007) 1199-1201.
[2] K. Tanaka et al., Sol. Energy Mater. Sol. Cells 93 (2009) 583-587.
[3] Kunihiko Tanaka et al., Jpn. J. Appl. Phys., 51 (2012) 10NC26.



Cu,ZnSnS, % A7z 3 R T 1E KB E M ne-Tio, B DR R IKF

nc-TiO; layer particle size dependence of three-dimensional solar cell
with CZTS absorber
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Abstract

Three-dimensional structure solar cells with nc-TiO, layer consisting of mixed two
kinds of TiO, powder were fabricated. The powders with particle size of 20 and 180 nm
were mixed in a ratio of 1:2, then effective light path length became long and carrier
recombination decreased. As a result, short-circuit current density was improved by four

times compared with a sample with only one kind of TiO, powder.
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Growth of Sbls Crystals and Application for Radiation Detector
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This study was carried out to examine the potential of antimony tri-iodide (SbIS) as a material
for fabrication of radiation detectors operating at room temperature. Sbl3 is a compound

semiconductor with Asl3 type crystal structure. Sblahas high atomic number (Sb: 51, I: 53),

3
high density (4.92 g/cm ) and wide band-gap energy (2.22 eV). In addition, a Sblscrystal is

easy to grow by a conventional crystal growth technique from the melt since the melting
point of the material is low (171 °C) and exhibits no phase transition in the range of solid
phase.

In this study, Sblacrystals have been grown by the Bridgman method after

synthesizing of Sb and I. The grown crystals consisted of several large grains with red color
and were confirmed to be the Sblacrystals without having secondary phase by the X-ray

diffraction method. SbISdetectors with simple planar structure have been fabricated by using

the cleavage plates of the grown crystals and the experiments taking of pulse height spectra

241
have been carried out using an Am o-ray source at room temperature. The detector

showed a response to the irradiation of the a-rays.

a -ray energy spectra obtained anode and cathode irradiation respectively
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The epitaxial growth on GaAs substrate of CulnS, by PLD method
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Abstract  The thin films of epitaxial CulnS, were deposited on GaAs substrate at substrate
temperature of 500 °C by the pulse-laser-deposition (PLD) method. X-ray diffraction (XRD)
and Raman scattering confirmed that the films have the chalcopyrite structure. The etching
methods of GaAs substrate and parameter of laser power density were estimated by scanning
electron microscope (SEM) image, XRD and photoluminescence (PL) spectra. At the present
time, the optimized film shows bound exciton emission at 1.5334 eV in PL spectra at 77 K.
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Study of nano-crystals in CdS:O thin films by Kelvin Prove Force Microscope
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Abstract  We examined nano-structure and optical properties of CdS:O films deposited
by cathode sputtering. Amorphous phases of CdS:O films partially formed nanocrystals with
a diameter of 5 - 20 nm by anneal treatment at temperatures more than 300 °C. We confirmed
that roughness degree of the surface observed by AFM images which corresponds to diameter
of nanocrystals in annealed films partially coincides with Kelvin Probe Force Microscope
(KPFM) images. The KPFM images are considered to exhibit deference of work function
between amorphous phase and nanostructure in the films.
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Fig. 7 AFM images of annealed CdS:O thin films at 200 °C, 500 °C.
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Fig. 8 AFM & KPFM images of CdS:O thin films annealed at 500 °C.
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Property of ZnS(O,0H)/CulnS, using Cu/In precursor
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Abstract CulnS; thin films were prepared from Cu/In precursor by vacuum evaporation. The
evaporated films were annealed in H,S atmosphere from 250 to 500 °C for 1 hour. By dint of
annealing at over 400 °C, the thin films have CulnS; single phase and stoichiometry.
ZnS(0O,0H) thin films were prepared on CulnS; thin film by chemical bath deposition. The
thin film has amorphous structure. The solar cell had an open circuit voltage of Voc = 114 mV,
but it had a very little short circuit current.
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Fig. 1 XRD patterns of Cu-In-S thin films.  Fig. 2 Composition of Cu-In-S thin films.
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Fig. 3 Band gap of CulnS: thin films.
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Optical properties of Cu(In,Ga)Se; thin film with CdS and ZnS buffer layers
by piezoelectric photothermal and photoluminescence spectroscopies
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Abstract

Cu(In,Ga)Se; (CIGS) thin films with CdS and ZnS buffer layer for solar cell application
were investigated by photoluminescence (PL) and piezoelectric photothermal (PPT)
techniques. PL intensity of CIGS with the buffer layer became higher than the bare CIGS
thin film. The band gaps estimated from the PPT spectrum were different for CIGS and
CdS/CIGS samples. This indicated that the quantum efficiency, the ratio of radiative and
non-radiative carrier recombination component, was affected by a presence of buffer layers
on the CIGS thin film.
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Preparation and characterization of p-type NiO thin films

by a reactive-sputtering method with two pairs of facing Ni and Ag targets
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Abstract: Undoped NiO films were prepared on quartz-glass substrates by reactive-sputtering
Ni target under Ar-diluted oxygen gas with a home-made facing-target-sputtering-system.
With decreasing O, gas concentration and/or increasing substrate temperature, NiO
XRD-peak-intensity and transparency increased and p-type conductivity decreased,
suggesting that improvement in crystal-quality might cause decreases of intrinsic acceptor
defects. Ag-doped NiO films were also prepared by reactive-sputtering alternately Ni and Ag
targets under low O, gas concentration. P-type conductivity increased by Ag-doping,

suggesting increases of intrinsic acceptor defects and/or Ag acceptors.
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Fig.1 X-ray diffraction patterns of undoped NiO films prepared under
Ar-diluted O, gas at ~30°C and 200°C. Peaks marked by Yand v
correspond to NiO (PDF#47-1049) and Ni (PDF#45-1027).

TR TS, F7, BEEN AR 2~100%D%PHClfigdky 100 e
AREOBDIZH T NIO OB 7 HEAERT S L3 80.- L , ,(e.
PHALE 3PRBEOINCRIST 5 By B L 720, B g | WK AT
AP 19% Tl E— 7 RN T BB bN S, 50 [+ Vn/ 47 (o
ZUT, MRS ARIE 02%TlE, NiO oe—2sfEnasic 2, [ " 7 o)
B5F 0, Ni &80 XRD B— 7 RHEL L CTEXTA Z Enbi § . b)
Do 20 2 "
FEBORE~30C TR Ni DEFRDOBLO /R T i I A o '

500

1000 1500
Wavelength (nm)

P 1~100%DEAET, HBAEFED A% 20000 E T LA SHT 2000

VERL L 7= 3 oD BV 72 XRD 2347 — > % Fig. 1| D4R,
ECOEIEIZIBNT, FMIREE RO ERTAEE 3780

Fig. 2 Transmittance spectra of the
undoped NiO films shown in (a)~(e)
and (g)~(j) of Fig. 1. Those of the (f)

NiO(111)XRD &—7 23 ZBLAINZ 72 A AEAINE HALTZ 73,
T APEEE 1% CILNi £J8D XRD B — 27 2HEL L T\ 5,

TV DFEING, FEFR T AR 36 J OSSR EAIC
XV NiO EEOFESED T\ 3 DIEMAN S D & OO, R ARy iESE A AL F 77 1 3mSR
DT NTUIY —F Mg EERE T A L OIGHEDIK FIZ XY, HIEFIZ Ni &E0NREL
TL BT EDNEIND,

FARGRFE~30°CH5 L O 200°COMESIN NIiO #2360 VT, Ni 48 XRD B —7 DNRAE L TR
STA DM/ TR AT 8V Fig. 2 1T, 728, Ni4JE XRD B —7 MR L Tz
R 2B GR TR TRV EIRR T > 72, XRD HIERETIZIBUVT NIO DB — 7 38N L VK
L DT EIZHIGE LT, BREART MLIZEBWT NIO O ZERER I 310nm ~ 340nm

(3.6eV~4.0eV) VINDHDONH ES Y ANARE 220 RIFES CEBER & A EENH D Z L0
Db, bbb, bt EANEIMEE FICERECEE L T\ A 2 L AVRIR S NS,

BBV RO TIL, FAHREE30C ORI\ T, FEEH APEE 100% T 10" Sem™ 2 (IE
FLIEEE 10%'em™ FREE, BENE 10'em®V's  FRED) |, BRI AR 80~60%T 107Sem™ #2RF (IEFLE
JE 10 em™ TR, BENE 107 emVISTREE ) O p JBEEMEIME SN, —F7, HARIEE~30°C TIERR

figd% and (k) films are not shown here
because of low transmittance, which
could be due to coexistence of Ni phase.



AT ATRFE COMEBR OFHIREE 200°C TOMEELY, &y 7 u—7EC X DHEER Tl p £ T
HoT=bDD, [BEEM(=10°Sem™) Th-7-, ZOFRITFELIEN LIS K57 7 & 7 # HEMK
bt (k&F-TEASERC Ni ZEFL)IRFEE DD 27/ L CWA 0 LRy, 7238, Ni 4@ XRD B —7 )3
HE Ui i 2 B pE B 2R Lz,

3—2. Ag ¥ NIO EfE

SN NIO VIR CHESLME L OSEE D BAFCd - TR APREE 2%35 LN 10%DZF N E &t
IZRWWTC, FIRE~30°CER L UN200°CC Ag M NIO AR L 7=, mifi2 Crmd L=k 91g,
FEIRHEREH O Ni 36 LY Ag OZZ BHEREIRFHILI IR —CThH DI b2 b 53, EiiED EFIZ LY
VD Ag FARRAEIE 2~3%FEEED D 9~13%FEEE 0NN DA ST, S RO B
1972 XRD /3% — % Fig. 31T, [A—DA Ny 2 TR U7 BERIN NIO D5 & bl
LC, NiO @ XRD B —7 OFEIME NI HEAME Hivd, £z, Fig.3 (d) OEEE Ag s
FECIENIO (22T Ag KOV Ag,0 D XRD B —7 {81 TU 5,

b Ag BREEAHD XRD B —27 M LN o7 Ag IWIEIROFEEZR A7 kL%, Fig. 4
\RT, 728, Ag BIHEEFHD XRD B —7 MNRAE L TSR 14 B R CRid TR WBIE=R CTdh
ST, FERARY MADIEH A 2%, NiO OIEFEVRI 310nm~340nm  (3.66V~4.0eV) 2t
JELTWAZ &L, XRD /X7 — A28V T NIO OADE—7 NI SZZ ISP E LRV, £
7=, BUERPE L, AN NIO MDA D X 9 1237 V) OAIBHER R RN OBV DS NiO @ XRD
B — 7 BRI L CAE L T X DT AZ RN LD, B R WIS E ) C e
< Ag IR BEEG- L TWD Z EVRIBRIND, SRICBWT Ag iWINREREMEZTR~5 Z &
s i s,

BRI C I\ TIE,  JEPRIN NGO IR & bHili LT Ag IRIINC & 5 p FEEEEMEDIM] EsBlo i,
FMRIRFE~30°COMEFEIZI\ VT 107" Sem™ BB (EFLIERE 107~10%cm™ B2, BENE 107~10cm’V's™
) Thote, ZOHEKET Ag OT 727 ZEHRD OO FREME 21T Ag ININC L7 787
A HIEMERRG (NI ZELS0RE 1 EESR) OFAIIDFTREMZTIE L T\ D L 2 IZhett s, 72388, Ag
JONAgO @ XRD B —7 23 HHEL U 7R i S B s e AR LTz,

100
é Tsub ; NSO v 02 : (a)lO% Tsub : 200 T 02 : (C)IO% ,\-o\ 80'— .,
S Ag:2.7at% Ag:9.3at% < | (c) .
E v v v § oL oy .
= T T — —r—— e —p—— 7 (a
Iz T ,:~30 (0)2% [T , 1200 o (d)2% RZ - /
E v Ag:1.8at% || Ag :13.1at% g 4 £ (b)
> X y ve s F J
= —_———r T T T — ’
T T T T 2I0 4‘0 6I0 H | /A
s 205 @dd) 60 20 (deg.) 20F f:
Fig. 3 XRD patterns of Ag-doped NiO films under Ardiluted 0 N T
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Emission characteristics of Ce-doped CazSc,Siz012
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Department of Electrical Engineering, Nagaoka University of Technology

Abstract Emission properties of Ce-doped CasSc,Si3O;, (CSS:Ce) synthesized by
three methods, Emulsion-Evaporation method (EE), Polymerized Complex method (PC)
and Solid State Reaction method (SSR), were studied. CSS:Ce synthesized by PC had
the strongest PL intensity and the highest quantum efficiency. However, PL intensity
was thermally quenched under 50% at 160°C. It indicated that excited state absorption
would occur in the CSS:Ce
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Fig. 1 Synthesis flow chart
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Evaluation of phase transition of Tl compounds by the optical second harmonic generation
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Abstract Polarization properties of second harmonic generation (SHG) signals on
layered TIINS, and TIGaSe, have been examined in commensurate phase. The results TIInS,
agree well with calculated data of space group symmetry C3, while those of TIGaSe, do not
match the calculated ones.
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Fig. 1 Schematical picture of
structural phase transition in TIInS,.
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Fig. 2 Experimental set up.
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Cu,ZnSnS, D % —77 » MERE L NPLD {EIZ X % R R
Target fabrication of Cu,ZnSnS, and thin film growth by the PLD method

FRETERSF, KBFL K2
PRI, W EFOR T, VAR 2
Chiba Inst. Tech.!, Osaka Pref. Univ.?
Yusuke Watanabe®, Kazuki Wakita', Yong-Gu Shim?

Abstract  Bulk polycrystal of Cu,ZnSnS,(CZTS) as a target of PLD method and thin film
growth by the PLD method using the target has been investigated. The CZTS polycrystals
were fabricated by solvothermalmethod and solid phase method. X-ray diffraction (XRD)
confirm that the crystals show CZTS with kesterite structure. The CZTS films were grown
using the polycrystal as a target. The films also show the XRD pattern of CZTS with kesterite
structure.

LI LI

BUE, AR L ¥ — & LCRBEMAER 248D, AxZ < OMENTHOI
TS, 2D LD 72 IRIERORIGE A EEE LT, CuZnSnS4(CZTS)AMEH 41T
W5, CZTS IZZDRICRER P A DV R RA B IR LB LRV, REAMI/NS
WEWI R AR LTS, Flo, ZRAF—FHIZH L TH NN RE¥ ¥ v 70
15 eV, JERREAREDMH 10* em™ & 5 KR HOER IS & L i TH R AR
TUUXINVERFoOTWA. KIS TIE, CZTS #—4y FOfERlB IOV ZhEFIH L
7 PLD(Pulse laser deposition)i£E(Z & 2 AR (Z DWW T O E LTS IO THIET 5.

2. EBRFIE
2.1 CZTS #—/7 v h OEHR

CZTS #—/~ b OERICIX, FEFHEE Y VR Y —<ED 2 DO HEZ HWTT
VY, K0 BWERIGRIZOW TR L 2.

[ FHE TIRREE BN @ Cu(kyR), Zn(F=K), SnChiiR), SCRLIR)Z VT CZTS OfE
WEiToz, FRERTRIIKRO L IICR->T0nD.  FmEEOFMED -0 X #RlE
hzit-7-.

1. & ktzm By, FHekz2 AW T 2 R T TRESHE 5.

2. L AMZAOTHERICT VAT S, 720 EDENT 20m* LT 5.

3. AWEICHZZEE AT S, 20 EOEZEE TR 2x 1073 Torr L35,

4. FBZIF AT 980°C, 48 h DA THEARGZ1T 5 .

VLR Y=< VLTI Table 1 1237 &L 9 M2 O CTEBREZIT - 72, MBI
HEDBEICL > TIFBEDOERZIT-o7-. TAMERTREIZIRO L IICR-TWD. §E



e S ORI D 72 8 X BREHT 21T > 7.

1. BMElZEVERY, B LOEEE SRICEVIEET 5.
2. A=K 7 L—TICAN, KEHETMESLEZ1T 5.
3. OB AE W CIEEY 2 B o 1.
4. WO L7t a2 sE 5.
Table 1 Solvothermal method condition.
CuCI2 CuCl,
:Molar ratio : 8mmol : 2mmol 2mmo|
Zn Zn(CH,C00), ZnCl, Zn
:Molar ratio : emmol : Immol : Immol
Sn SnCl, Sncl, Sn
:Molar ratio : 5Smmol : Immol : Immol
S S CH,N,S S
:Molar ratio : 50mmol : 5mmol : 5mmol
Solvent NH,CH,CH,NH,  C,H,(OH), C,H,(OH),
:quantity :30ml : 40ml : 40ml
Autoclave 10MPa, 10MPa, 10MPa,
condition 180°C, 15h 230°C, 24h 250°C, 24h
2.2 PLD ¥&iIZ X 2 IERE

PLD & FHHWTH 7 A HM E~DEIERE 21T o7, #—757 > h & 725 CZTS fidh
ERACBH E 57200V A L—H—L L TNEYAG L—Y—%fiH L7z L—H%
—E—LAFEEF Y NS DL AR RN TE L, F—F Y MTIZ
EER 2L TER L0 EFEHA L. #—7y MIBBIIEZE L7067 & hv
AHWCHEERES Lz, Kk —7y FOBHEHEL35cm Th b, BEZETF ¢ N
—WIEZ —RyFR 72 AT 107 Pa LA FICRE D, FEMRIEAEIE 500 °C IZ#%E LT
M2 ERL U=, S OO0 X B2 To70. £/, HEEOEm
B X OWEFHM D 7= FE-SEM (2 L 2B 21T 7=,

SHRBIUEE

Fig. 1 ICEAETIER L7= CZTS # —7" > b O X #RIEHrRE R 2~ . EHHEIZ LD
Fig. 1D X972 CZTS DI AT I 4 MEEIZ LD —7 2 b o7& —5 v FOERN
R T & 72, WIT Fig. 2 IT Y Wil —~ /WIETIERL L 72 CZTS MR D X #REIHT G R %
R VLR —< LETIEER L, 2 0OHETERLEZSLON CZTS D7 AT T4
MEEIZE D E—7 Z/R LTz, Fig 2 TIZEHFEDERTHER LV 48— 27 O-EE
ML 725 TWDD, 2L Y VR Y —~< B L 0 ki 12k aMERL S =729
FEEBZOND. BUZZODE, ¥—5 v MRIZHERE S®H1EEE2ToT2 L 2 A, °F
EME A2 BEARED X 512D D Z ENTE -, AR TS, WRIEEDOES S, &
ODOBEOH X5 ERR 1 OFESY VAR —< W EOERIGE U TEREZED
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Fig. 1. XRD patterns of Fig. 2. XRD patterns of
solid phase method target. solvothermal method target.

Figs. 3~6 (Z5E8% 2.2 TERL L 7= CZTS WO Wi X+ L OFm X 2 ~3. AL
IRESAEIZ DN T DRFZEITAT > TR, e & fERA 72 [ #2585 L CRtd L 7.
MNHOND X I —5y MEIZ PLD {ECTH 7 AR BICRECTE 5 Z & D3R
T& 7. WTIRFE CEMETORETIE, S+ Y AR —</WEDIE ) BHEETE T
DRMNT DD, ZHUIERED X —7 Y R LD Y VRV —<WEO X —7 > hDJN
BEMICHELS, ZORARILLT D oTehblEEEZLND.

14.8mm X 30.0K | RRRRYSRIE

00um

Fig. 3. SEM image (cross section) of thin Fig. 4. SEM image (cross section) of thin
film deposited by solid phase method. film deposited by solvothermal method.
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Fig. 5. Surface SEM image of
solid phase method film.
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Fig. 7. XRD patterns of CZTS films.

Fig. 6. Surface SEM image of
solvothermal method film.
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CZTS #—/7 v b OERIZIBWT, ARFEBRIZHEH L-FEME, YR —<iET
CZTS WERLCTX 5 Z & &2 XA L 0 #EZR L7z, PLD HEIRKEIZHB W T H AR
TYEBLL7-CZTS #— 4 v N&2fEHT A 2 L1280 CZTS MIEAERITX A 2 L % X

BRIEPTIC L v R LT,

IR E T EVAES LN TE .

DX D ICEAEEE, YRS —< LI C PLD EIC K B
L)L, 26 DEBREZED TV H 2T,

2 —27y N 8L L DOER IR D EN S H. ZD=DiliZ —77 > N O/
BFaAT, Ebo0s—4y NOK L 0 IR R 5> TV B DOHHERS =
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PLEPI & R A % — T — & FH\\ T2 CulnS, ZFLE #it di D 5 Ak
Synthesis of porous CulnS; crystals using a stirrer and a magnetic stirrer

H I 1 B
R, R
Sho Tanaka, Yoji Akaki
Miyakonojo Coll, Tech.

Abstract A rapid and convenient using stirrer has been reported to synthesize CulnS,
crystals of porous structure. CulnS, crystals of porous structure was synthesiz -ed at
185°C for 1 hour in airtight state after that dissolved in CuCl, + 2H,0, InCl; * 4 -H,0
and Thiourea as a starting reagents into ethylene glycol. We investigated compa -rison
of synthesis by non airtight container and synthesis by an airtight container.

IXU®IC

[-TI-VI, jET v asg T4 MUYLEWHEERTH 5 CulnS, $EHE ., £ Ot
B T AR EE D W @ LIS T OIS 3 72 73> 7=, LA L. Shen & iz ko T
R 2 F 2 CuInSy ZAUE RS O B RENIRE S, ZUER S OREN b -
T2 BT Bl B OISO RREME S RIR X ivTn, ARHFIEE TIIHRIR
Bt A MA XA A NVIZ725 X O E L TR A HUV T CulnS, 2 fLE b
AR Lo, MRS S-poor (272 DA AR L=, T OJRIRMN, EBRICH
WO AR B, ARREHCREIOBA SN 7 7 A a2 2B HIREICT S
TEMTET, Kb L= EE X T, £ TARFETIEL, S ORILEBF ST,
BT 5700 EEICHRA S —T—52HNHZ LT, RBIZBRA L7 7 X2
EREHREBIC LT, £ LT, EBEHRSBOGM EBABRIROE KA g L,
HAREZ L DA CulnS, ZALVERERICED X 9 B % 5. 2 D i LT,

. ERIIE

CulnS, 2 FLE & it D JFUENC b 5 HAL4R TT K F# (CuCly » 2H,0)., HhAkA > 27 A
IVKF#(InCly « 4H,0). F A RFE(CHN,S) %, Cu. In, S DFRRELN A b A 4
ARV ERDEDIHELZ, ENOOREIE=TF LT a— a2 A7 T A
I AR, BHABICIDAROBHEIZIEI BT 7a VB2 AL, 2Ton
Z I LR TTEWE, FEEARERIC X D B OGS e TR O W T R #h
H7I7Aa o0l vi@EL, ENUANAONE T LETETE N, ZOT7T A
IR EFIH O 7= DN D A A VR AD IR Lz, HERHE O EEE % 600
rpm, ERRIRE 4 50°C C 4 FEfREE L, + 0 S 7%, iR T 1 R L
BREIT ST, Dk, Al EWEEERD IR LT, @O0 BEEIC T, kK%
SHE LT %, BRI AT o 1o, ARl BT G 2 X BRI (XRD) &,
R 285 X R0 (XRF) 2i&E, thFREAE 4 BET 5% AV 7= e m Al e 2k
&, fhem e AR E BB (SEM) &2 W TRl 217 5 72,



3. BRBIUOER

112 CuInS, #&dt D XRD /3% — &9, BHARZIZ L W &Rk L7z CulnS, %
FUERS T IEB FAAZRIC L 0 Bk L 7= CulnS, 2 ALEGRE b 1T Ee . X RRIEl T 21 |2
K AMETCALR)Er v — 7 NI 2N o, b, ffmoEI Y
22 e MNbnD, K212 BET EAZHWTHRIE Lk REMEORE R L R~ B
Bl L0 ARk L7z CulnS, LB G db D e R IR I X IE B RS & e~ 1.5 51
720 RT 20mig &7 o7, [ 31T CulnS, By R O#Ak L 2R, FEE Ao
ZRHWTAKR LTZ5A 1L S-poor TH - 1= 0NBEHE S 2 W 2354 Tz
50% & o7, T, BRIOMEY S ORI EBFS Z ENTEZ, L, Cu
& In ORI AL N 22 o T,

T ' R R P 30 ¢
= s  =ses St ]
c & RRUSACS P [
S : i JCPDS % [
-c% S 20f ]
~ Airtight container @© [
> P L
= S15F ]
R S W\ €71
2 2 I
< o 10F ¢ ]
) Non airtight container "E [
o 8
X s 5F ]
@O
FEPEN BER U A AN R RAE TN BT AT BT AR A 0- — —
20 30 40 50 60 70 80 Non airtight Airtight
Diffraction angle 26 (deg.) container container
Fig. 1 XRD patterns of CulnS, powder Fig. 2 Specific surface area of non airtight
synthesized form non airtight container and airtight container

container and an airtight container
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Fig. 3 Composition of non airtight Fig. 4 SEM photographs of non airtight

container and airtight container container and an airtight container



B 4 12 CulnS; #3 R D SEM 92 ~¥, FEEMAR G LT AW HGE Tidd R RoEIC
KiF-2 b0 DW= X ) RfERe L ip o723, BHRBE AW =AKR iR R
JECHERR S TEhe L e~ 70, 72, K 4@)D SEM B LV | K12 X - TR
DIEDOREEZRD T Z RN D, THUNERK LR X 2 ORI ZEN
EUTz, Ko TEMARSTIXENROBEORINEZIT 5L THB Y, CulnS, ZLE
FEEm IR R B E N A o, REEE RE L, AaOREBE AT L
IR ORERICENECEERELT, 77 RAa2%Be2EHALTAKLIZZ
ETT7 I AaNDESN EIRENRKITEMLI-2 L L0, SERICEbE LT L
TeeBEZ NS, EEICEMREE DO LIV RIS K E <725 2 & 133k
L hImEINTND,

4. HEww
ARG O CER LIZS S, FFRMARGE V2 EIC~S, XRD /84 —
YL EOVEBENE LI, WRERIIK 15 L olc, £, MHARSRICT S
T LT, EEHARTIERILL TV SRRV IAENTZ, T b DRER
MBI A & i LT AR 2 VTR £ 0708 VB e CulnS, 2 4LH
FEEBEOND Z ERDroT,

BE R
1) G. Shen et al., J. Cryst. Growth, 254, 75-79, (2003).
2)7K IR Hidsf, Rk 23 R 2 o RS REM BT JE S AR ARG T ==, 33, (2011).



CZTS F / KL+ DE Rk & 2

Oy ErE Y, SARBIE % SR Y, Bf 2 ks — 1
QEBRREET, 277487 Iv 7 AU H2—)

1 [&Ex]

Cu,ZnSnS, (CZTS)i% C(In,Ga)(S,Se), PN, mifili CAb 72 In, Ga &, ZlCTEE 72 Zn, Sn ICE X2 2 7=
EHEBOYERTH D, £115eV DY RE v v 7L @SR 2 F55 2 L b | Al 22 K
B OYERIA B & U CTHER SN TW5, £, ALEW 8RO T VR BNE Tl A v 7 %6, BE
A U CHERES 2 FIRIBUR B B AME =2 2 MU CHER ST b, Ko T, AR TIREEN O T R
2 BTBRA DRSS D "B DAL 2 VB L LW T LRy RERRICE W CZTS F ki A 1ERL L 7=,
Flo. TORMEZTHE L, Sl e BRSO WRKR 21T o712,

2. [EBFiE]

§i7 = F /L7 bk — K(Cu(acac),) 0.4 mmol, Hign 7 &= F /L7 & hx— k(Zn(acac),) 0.2 mmol, FEEE A
Z(Sn(OAC),) 0.2 mmol, FREEKYA(S) 0.8 mmol, A LA /L7 I 2/ (CigHgN) 15 mmol, PR Vo —5 )L
10 ml ZZEHFETEH L7 =077 AN T 100~300°C OFIRE T L2225 60 4y R Lz, KR
EETHIRLTOLLZNENO, 10, 30, 60 7%, U PIckv et Lz, Gohity
TN 2-Ta R ) — v ENZ, EODBERC XY R R S YT, E0%, o R
XRD #IE, 7~ A7 MAHGE, FRE A BREE(TEM), 3FERE 7 7 X~ 5050 6047 (ICP-AES)
FIZXVFHMm L7,

3. [F#]

XRD #flIiE, 7~ > A7 FVAIE KO TEM £ L ¥ (100°C LL K Tidf 10 nm @ CuS 7~/ Kif-73,200°C
PLETIIHI 20 nm @ CZTS F 7 Ri -3 ER L TS Z B ghoT-, F£72, 150°C Tik, 0~10 43D
([ZI% CuS F /K173, 30 ZLAREIX CZTS F /KL 1 DAERA MRS S iz, 200°C LA EDOREIZ DWW T
ICP-AES |Z & » CZTS '}”/}FM%EF'@\ Cu, Zn, Sn OFERKDERRERHIC L 52 b Z RO T-FER Z X 1 IR
o, L B L ERRIRGEIZ LY Cu AN L. Zn, Sn S FE R ENBEINE OMEDTHININT % Z & 3o
7oo LLEDOFEFRN G CZTS F /R -13haOIC AR L7z CuS 7/ Kit-% JtlZ, Zn, Sn 23HL Y A FHAERR
LicéEZbND, L, IRED 300°C ORFE, 10

~30 77 DI, Cu 2338 L€ 0.51 £ THINL . Zn 7% 0.26 oss j\_‘;_‘g[ﬁ&u
BAEE & T L7z, TEMIC X 581525, 300°C 0 30 AN e
ST 100 nm BEO KR oARARR S 2L ]
Fib, RIFRED CUMMOREE £ 005, ¥, £ % S
100 nm OIRIF IR D CUWBT D720, A > 7icl 2 %] — 8<o‘$3”
DT LR BB, 250°C UF TR EREER  © :, —————— 4] we
Bhfedrotz, CZTS OABEM~OEMIZIEL, Cu 28 i S ——— | o
AL Zn D35 & 70 D RUBRAAEE & 72 % 728, Cu 0.49, Time / min

Zn 028, Sn0.22 & Zn /%%l & 72 % 250°C, 60 4373k 1. AR TEk L7 CZTS /K- 0

WM THDZ LN ol R L D & R RIS R % 221k
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BHRANT MVOREREIC XD TIGaS: DFHEHIEE (B3 2% B 52
Consideration of phase transitions temperature from
the temperature dependence of dielectric function spectra in TIGaS;
BORFRBE LY, THELKRIL? 7EALAL Vry VBET 7T I —
O)l Fl=E L, vb RMEKL BpHE R 2,
Osaka Pref. Univ.* , Chiba Inst. Tech.? , Azerbaijan Nat. Acad. Sci.?
°Toshiyuki Kawabata®, YongGu Shim', Kazuki Wakita?, Nazim Mamedov®
Abstract
The incommensurate material, TIGaS,, with layered structure has been studied by

spectroscopic ellipsometry in the temperature region between 80 and 400K. From the
temperature dependences of the transition energies and dielectric function spectra, it was
found that these showed peculiar temperature behavior at 180K and 280K. We suggest that
TIGaS; indicate the structural phase transitions at these temperatures.

Nazim Mamedovs3
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CIGS

Investigation of Degradation around the Interface of CIGS Solar Cells
by Impedance Spectroscopy
-Effect of Proton Irradiation-

/

Y. Kondo, H. Sakakura, M. Itagaki, M. Sugiyama
Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science

Abstract The degradation properties by proton irradiation around the n-type layer
and pn junction of CIGS solar cells were investigated by Impedance Spectroscopy(1S).
IS is proposed for evaluation method of electrical properties of several junctions.
Applying IS for analysis of CIGS solar cellsis a practical approach which suggesting
afaster and simpler method to investigate degradation of CIGS solar cells.
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CulnSe,

Phase-transformation studies on the selenization growth of CulnSe; thin films
using metal organic source

1) /
2)

1) 1) 1) 2) 1

Y. Yamaguchi ¥, Y. Kayama®, S. Yamaguchi?, S. F. Chichibu® and M. Sugiyama®
Y Faculty of Science and Technology / Research Institute for Science and Technology,
Tokyo University of Science
2 Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Abstract The growth mechanism of CulnSe; thin films grown by two step
selenization using diethylselenide (DESe) was investigated. With increasing
high-temperature(HT) selenization temperature, larger and more densely packed
grains were form. Moreover, with increasing HT selenization time,
homogeneous surface with large grains were obtained.
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SnS
Sulfur diffusion process of SnS thin films by sulfurization
/

o

°T. Tsugawa ,H. Nagayasu, K. Hisatomi and M. Sugiyama
Research Institute for Science and Technology /
Faculty of Science and Technology, Tokyo University of Science
E-mail: optoelec@rs.noda.tus.ac.jp

Abstract The impact of sulfurization mechanism and film properties of
SnS thin films was investigated. Sulfurization is the most desirable process
for commercia preparation of SnS photoabsorbers. However, the growth
mechanism of SnS by sulfurization has not yet been clarified. These results
represent a step toward in the realization of high-efficiency SnS solar cells
by the use of a simple fabrication technique.
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Impact of quasi-lifetime on the electrical properties of SnS solar cells
measured by electrochemical impedance spectroscopy
FOEERL RS AT ZErseAs /B 220
FFEL, WA HE, Fiam, Soag s, 211k
S. Aihara, H. Sakakura, T. Hiramatsu, M. Itagaki and M. Sugiyama
RIST, Faculty of Science and Technology, Tokyo University of Science

Abstract Carrier transfer dynamics of SnS-related solar cells were described using
electrochemical impedance spectroscopy (IS). In addition, the relationship between a
carrier-transfer time-constant (quasi-lifetime) that is reflected by carrier concentration
or interface defects of SnS layer and the electrical performance of SnS solar cell were
revealed. IS is a simple and promising method for characterizing the heterogeneity
near the pn-interface.
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(1) P. Jackson, et al. , Prog Photovoltaics Res Appl, 19, 894 -897 (2011).
(2) T. Wada, et al. , Thin Solid Films, 431-432, 11-15 (2003).
(3) S. Higashi, et al. , Abstract of ICTMC18, Salzburg, 93 (2012).
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Phase Transition and Raman-active modes in TIGaSe,
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Paucar Raul', Tim#hie *, f M A L, EAEk 2, Oktay Alekperov®, Nazim Mamedov®

Chiba Inst. Tech.!, Osaka Pref. Univ. %, Inst. Phys. Azerbaijan

Paucar Raul', ltsuwa Hirotaka®, Wakita Kazuki®, Yong-Gu Shim?, Oktay Alekperov®,
Nazim Mamedov®

Abstract The Raman spectra of TlGaSe, single crystals have been investigated by a
confocal laser spectroscopy system over the range 77 — 300 K in the frequency region of 50 —
300 cm™. The observed lines in the obtained Raman spectra were deconvoluted into
Lorentzian peaks and the temperature dependence of their peak frequency and full width at
half maximum (FWHM) of two highest peaks at 131 and 193 cm™ was obtained. An irregular
behavior of the temperature dependence on Raman shift and full width at half maximum of
the modes were analyzed.

1. I XC®IZ

B RoThE S 2 b o =08 TL LAWY TIMeX, (MeX=InS,GaSe,GaS) I%. &
DIKTFEL L ) —< I H, fvaAralb— M, A2 b— ME~ L HEGEH
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T OREEFHEER I B L TV 2 EREMMEIC W T B S Tneny, £ 2 TR
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ELARY RV OIRERAFME 2 MR L7z,
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@ DPSS (Dlode Pumped Solid-State) L — " — # %% (Z1% CCD(Charge Coupled Device)
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F - fREIL +-05cmt TH B,
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Fig. 1 Schematic diagram of confocal spectroscopy system for Rama scattering measurement.
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Fig. 2 Raman scattering spectra at 85 and 300 K.
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85 & 300K (2812 7~ HEL AT ML % Fig. 2 127 7,300 K TIZARY b
BN EOE =T (T /) = R) 2B L., Thbo v —7 F%

Henkel ®#4: 2L L 4,12 Table 1 759, 85K Tit. 14 HD 7 + / »F— REBIHIT 5

TENTEEZOT IREDODKTEL BT AT MLD T ) U F— KRBz 7=

ZEMDND,

132

1

Frecuency (cm™)

131.5

—_—
(5]
—_

130.5™=

Table 1 Phonon frequencies of Raman scattering spectra at 300 K.

Peak Raman shift (cm™)
No. |Reported data®| Thiswork
1 53 51
2 80 77
3 91 91
4 105 107
5 132 131
6 177 176
7 193 193
8 229 226
9 249 236
10 278 275
|T§C |T1 T T T 1.1 193.5 TCTl 1.1
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Fig. 3 Temperature dependence of peak frequency and FWHM of Raman lines around (a) 131
and (b) 193 cm™,
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1) A. M. Panich, J. Phys.: Condens. Matter 20, 293202 (2008).

2) W. Henkel, et al. Phys. Rev. B 26, 3211, (1982).

3) N. S. Yuksek, N.M. Gasanly, Cryst. Res. Technol. 40, No. 3, 264 — 270 (2005).
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D& B Il KEGEMMELE LTI ST 5d, Bxl3FEEZETu kv AT
AFETE DAIRALR B OERZ B E LT, MARKIEICE Y U Ry N T CZTSe F
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DEEC L o TRt 2L &g, MLV C, F R RSB LT, oz 7 fdh % X R EHT(XRD)
B E - BMEBL(TEM) 72 EI2 X 0 il &2 1T - 72,
[RER - BE]
ARFEMAELS T2 & T, WIRAEA) D RAIZ
Ak L7z, 200°C CE AL L7z SnS F / ik XRD /X
Z— &M LIRT, T/ fERO XRD /84—
5. BUGKEE 30 0 Tlik, =27 BBl S nieno
727 ZOZENDL, TEALTZ 7 AL LTI T AL
—WNERLTWDEEZBND, ZIUIK LT, X
JESRERE] 360 4y TiE, 27° ,30° ,33° IZIEHICY ¥ — |
T e—r Bl SN, ZhuE, IEJ7H SnS D] i MM 1
Py —r L RO —HER LI DRSS, 2 WWM«~30mm
Z DIEFRHNE DIEH i SNS T/ 5 5 0 A= il 12 L J‘P i WWWW‘u‘WM\W.’t’M'MW\'W«
Thol ) LHEIFFA L EZ BID. 20 25 30 35 40 45 50 55 60

PRI, MORERE G DY H#ET 5, 20/ degree
[ k) 1200°CCHAA L7z SnS F/ ffh D XRD /34 —

Intensity / A.U.

[1] E. C. Greyson, J. E. Barton, and T. W. Odom,
small 2 (2006) 368.
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A > ¥ 7 285 (ITO, Indium Tin Oxide)i, 3.5~4.3eV DU A KAV KXy v 7HEIKTH Y |
AL BV TR WVIEIRES, MUVMRERE/RT Z &0, KEEMOBHEMIC AV S
TS, LIPLABRSL, A VT L(INIEMRPITHETHY . ke 522 L Filllansg, &6
[ZHBEITO 2R 2 B2 FECTH D ARy X Y U ZETIEEVER I A MBS EE D, K
R TIIRED Y 2R 2 LE LT, R OMEGZEE OIS B0 7 a2 b 0E e L
RNT Ry RTOITO T/ Kis- DG ORI D RS 2 52 72,
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300°C [ZHNE L7278 & 240 Sy RHEHET 5, Z DB, In(ACAC); (259 % Sn(OAC), DftiAZ % 0
~12% & LT, BfbA > 20 L(IN0) Ik D ER (LA X(SnOp) D N — 7 B DM A3 7T, 551
TR A ) — NV ENZ, U X0 RS, BNkt a2 oS, AR
FTco XAREHT(XRD)AEC L 0 | il FBME(TEM), EARE 1 BAMEI(SEM), ZiE A~
7 RV (UV-vis) Z F W CREAMG L 7=,

[EZBRRER KR OEE]
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Grhnodz, Sn OHEGAZEEOHEAMI AL XRD O B — 7 (L #9338 A 207 2 (Inp03) 2> HER(E A X
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MTETLEVWRI T A —ICHIET 2 Z L BREECTH o 72, AF— VIR L D EBEORIEEZITU,
SEM |2 & 5854 & Fig 112Rd . KEXIZ XY 30~50nm O “ Yok 12585 S, B OD 720
P72 5 bz, F Wi I BT 250~300nm DENEIER STz,
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Preparation of Cu2SnSs Thin-Film Solar Cells by Co-evaporation Method

VR TESEFTM PR W L5F, AST-S & 307
EHEE L, SEARUREA T, BUKE L SRR L2
Ayaka Kanai, Naoya Aihara!, Kotoba Toyonaga?, Hideaki Araki'?
!Department of Materials Engineering, Nagaoka National College of Technology
2PRESTO, Japan Science and Technology Agency

Abstract Cu2SnSs thin films were prepared by co-evaporation at different
substrate temperatures. The films with stoichiometric composition were
obtained for substrate temperatures of 500°C or below. The X-ray diffraction
peaks for the films obtained on SLG/Mo were attributed to Cu2SnSs with
monoclinic structure for substrate temperatures of 400°C and 500°C. The solar
cells using the Cu2SnSs thin films exhibited a slightly photovoltaic properties.

1. ITC®HIZ

= b E W FEAR Cu2SnSs (CTS) 1L, BMEDH 5D Se M b &R TH D In, Ga ZfF
HE, 2l T ICE B AT DL BEEEM B O AN ORER S D Z &0 b,
KA B PELICE LI-MENCH D, Iz T 10 emt DL E DS INA# S DL 0.93-1.35 eV
DN R¥E Y v 7 VIRFEINTEY, (LEY-RER RS EOERIE & LT
FEhb. Tx OWRETIE, SREEOHIICLVIER L CTS A2 HWT,
292 DEWN R HE L CTE V. SLICEBmMERE N EIE5120%, HifbRicAt
U0, SOBAEBICIDEEZLNDIE U A—L 2l L, #E cEnE
IR ERT AMENH D LB X LD, AR TIL, [RRFZAREEZ W THER E
(ZEAM DAk 2 8T 5 2 & T, @7 CTS MIRAFR L, JLEAWT 1 X
DVEBRL 23Tz

2. EBRFGL

V=BT A LT ASLG)HEM L SLG LIC TEk&EME LT Mo Z2&E FRAE LT
SLG/Mo il & [RIRF7& 5351 |24 A L, Cu2SnSs Db Eim#akIZ 72 5 X 912 Cu, Sn, S
DEITLHFZDOENVOREZRE L, CTS EEOIERM AT, Fonl 7 st L
T, wot X BHE (XRF) ZHWZAA T, X BREHT(XRD)IZ L 2 b&W O FIE,
AT E T IRMBI(SEM)IZ L 2B REBIE 21T o 7=, £72, SLG H:MK Lo¥ 7 izt
LTI, UV-vis-NIR 73 ERHT X B KR, BREROHEEZIT- 7.

SLG/Mo Mtk Eo> CTS HERITx L Tk FimnHEftlE (CBD ) 1LV, CdS Ny 7
7 —JEBEHERE L, RF ANy BT LY ZnOAl BEE, BHZERERICLY, AlFE
B A TR D 2 & T SLG/Mo/CTS/CAS/ZnO:Al/Al 11 7 CuzSnSs v ik Al it



PERIUT-. ERLL - KB EMIT Y —F—3 I 2 L—Z—% T AMLS,
100mW/cm? FEET K T J-V Btk 2 e L7-.

3. MRBLUBER

Table 1 [Z[RIFRFZR A& 15 2 IV TR L 7 MBI S /9™ % XRF IS L DAtz nd. A&
BOMEE U(R.T.) 76 EMGRE 500°C D% > 7 /Zis VT, 1 RIF PRk o3
TSRz —J5, FEBNEE 600°C THUET 5 LAk EERL O Y v T TS
[\th_, Cu J@ﬁ”iﬁffﬂﬁk& fci’)f:. :hci%b\%ﬂiﬁng@flyﬂlﬁiﬁﬂ»ﬁi):B Sns i)§ﬁ
BETLEDEEZDLND.

Table 1. Composition ratio determined by XRF.

Substrate Substrate Composition ratio
temperature[°C] Cu/Sn  S/Metal
SLG 3.30 0.92
600 SLG/Mo - 0.62
SLG 1.88 1.10
500 SLG/Mo  1.92 1.13
SLG 191 1.10
400 SLG/Mo  1.93 1.12
SLG 2.01 1.09
300 SLG/Mo  2.01 111
200 SLG 2.00 1.10
SLG/Mo  2.01 1.12

SLG 2.00 1.09
SLG/Mo  2.00 1.09

R.T. ~ 210°C (AR MNEEE L)

Figure 1 {2 XRD /& — > Znd . HARINEVE U(R.T.) 2 b AR 400°C TIERL L
7o TN T 28.4° L 58FITIC B — 7 DAL ST, F 2 BOMEVE L o
B T B In-plane XRD #I7E (Figure 2) Tl O B — 7 NMBIEL S h, Fildh
M- S FEAR I & AT RHERL AR CThH D . Z X 6N DD, bR — 271X
CTS ICHM—Ed 2 b O DHAEEED CTS K D 15° /25 20° AT Elf v —
7 BT, ALEWORIEITIZTEL R o 7.

—7J7, FEMUREE 500°C O Y > 7 L Tl, out-of-plane XRD JHIE 123\ T BB} A%
O CTS IZIRE S AT — 7 @lgE 34, CTS MDA A MEsd L7e.

600°C DY > 7 L DIEHT B — 2 1L CuaSnSs, CusSs 5 (2 If 8 S Av7-. 2 AU FEARIRE
DEWWTZ®, SNSNFEE L2 &Ly, CulfIHENER LZEEZEZBND.
Figure 3 |Z SEM Bl22IZ L 2D R L Wi B L2 <3, T X TOH 7 ity
T, F=2ROENE R — D X D 7RZER, b OFBEXA BT, FEFIC
7Ty hTHIE TH -, NI L(R.T)N S 300°C THEE L 7= 8 IEE, FERIZ/
7R PEFESE N D 72 > TN D08, R A 400°CLL EIZ 72 D & FGRE O IRV,
PREDERTHZ bbb,
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Figure 1. XRD spectra of the Figure 2. XRD spectrum at diffraction

co-evaporated films on SLG substrates and angle 20 of the co-evaporated film on
SLG/Mo substrates SLG substrate without substrate heating.

i
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Figure 3. Surface morphologies and cross-sectional SEM images of co-evaporated films on
SLG substrates and SLG/Mo substrates.

Figure 4 |215 H 07z CTS IO L2 % (ahv)>-hy 70y MZ L > TRT. T
D> T N DFERIARET TR IR I BV T 104 emt UL EDfEZ2 R L7z,
FAOMBVE U(R.T.) 25 HEBIEE 3000C Y 7oy R¥E v v~ 713 0.86 ~ 0.88eV
EHEE STz, E Tz, CTS Ol &V RIERFEIZIB W TR Z 51 < X 9 126N
DD LMD, ZLORMBNBIFELTVWDEEZXLND. FRIKIR TR L=V
7 E CTS O Y & 0 BRI CONWRINA K E <, KRS netEzx 5
5. FEHIEEE 400°C, 5000C O > F LD Ry RE Y » 7131 0.98eV & HEL S, %
HEINTWVWD CTS RO N Ry v 7 & —E LT, FEHINEMEE 600CH Y > 7
JUIE CTS DL TIER W28, N R¥ ¥ v 7' 1.04eV & CTS HRGR O/ R¥ x
DA = Gk A DA N il
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Figure 4. Square of the absorption coefficient of the co-evaporated films as a function of the
photon energy.

SLG/Mo i EIZHUREE L 7= CTS #E A2 W T RIGEME b L7 fE 8, FHGE
400°C DY > T AT I TR 37.4mV, fEH& ERE E 6.30mA/cm?, FifRIA 1 0.248,
R 0.0587% D NN AZ 1872, 2D X I ITHENREE S LVELRR) -
TR, MRS DT DRIRNE L, £, HWIBREORIEN S B K 91K
fabZnol-l-bEEZz b5,

4. FEim

[FIRFAR 3515 % W C CTS IO ERLZ 1TV, FARIRE 500°CLL FizBW T &
FRITIEW A & DIEFIZ T T v b TREEZRERA S Ohic. 20X 57 CTS #
a2 VT HBEEMRT S ZAE(ERLL, RN ONEENEEZ. Lo, S
IORMANZ N T2, BE B EREIEIIE SN2 LB 2 b, RIS K
2k D 72 OB OBV R LI 2 RFT T 2 M ER S H E B2 BN D.

i
AMFFEIL IST ERISHIRNENIFEHEE SR S SN O —BRE L TITORIZ b D TH S,

BEER
1) D. M. Berg et al., Thin Solid Films, 520, 6291-6294 (2012).
2) P. A. Fernandes et al., J. Phys. D: Appl., 43, 215403 (2010).
3) N. Aihara et al., Phys. Status Solidi C, 10, 1086-1092 (2013).
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Evaluation of the etched CZTS films by Br-related etchant
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Abstract

Improvement of conversion efficiency of CZTS-based solar cells is necessary to identify the
CZTS surface. The etching using bromine in distilled water is one of the processes to
understand the chemical properties of the CZTS surface. In this study, we report on wet
etching temperature dependency of the CZTS films and the tendency is different between
etching temperature dependence property and concentration dependence property of the
CZTS films.

1. [IL®IZ

CuZnSnS, (CZTS) #EHE., EEHIHIEN K L4 eV & K ART ML b OFEAMH T
E <, IS OIRINERE (107 em™) 2EDL, S OICHBEERREEKRTH S, F
72, CuInSe; (CIS) ABMEL&ITEL D | MBOTHROMBEXICT HZ ENIF LA LER
W2, B i KRR E I EM B L CHif STV D, BIFEOBFZED it L
LTlE. CISRLFEMOEREMTHDHEY 75, CdS FHEELROERE L L TR
g2 32 2 & T, B 10% 8 ER SN TV D, BEREBREII%TH
HZEMBEZTYH, SBORENYFECTX IMEITH D,

BN D TEE U TR IR FIENE Z BND0, T D H BHLO—27 CdS/CZTS ~
TuREOEETH DL, ~T a2 R HETIE, £ LTHREDEAINOT W=D, £
IREREATRLERY | BHROKR T 25 ST, ZO~T o filOdEFIED
—ON, TF LT ThHD, BIROEW CZTS KiGEiL, Wiz W ThEE T
b5 CdS ZMERT 5 7=, FO(FH T ot 2ADA S 71—, ~7 v REOREITIT
HETH D,

FrizzhEzTle, BER= Ty FEHNWT, BFR Ry F ¥ M3 CZTS i
JRICx L C, RFBEENEDO X S W BE2 52 2088 L CTE7, [1, 2R RRE O
IS T, oy FU7@EEFIN L, KM Sn DR T 2EmNH 5 2 &2 bo
S>TWb, EZT, AFRETIE, Vv b=y F 7 0DH 9 —DOORERIKFMEL R
DHEFED—D>TH HIREREEICOW T 2T o =D T, 5T 5,



2. ZEBRITIE

CZTS #fFx, £V 75 EIZCZTS Vo I —Fy hEHWT, 7V h—%%
ER L, Zhzhifb L7232 vz, RUe y b TER L2 KEER E L ToRE
X, A% THDH, =vF v e LT, 001wt RFKEZIERML, BIEFM % 30 B
EEE LT, =y F v MI IR ORTHRICHoToF 5D E TH 10 73N L | 293,
313, 333 KX N353 K DEJE T CZTS A IRIE S BT, = v F U JHik TT ~ U HLAL
SriE. X#RERT (XRD) ., X #RICEF53061E (XPS) . EAMETHMEE (SEM) K&
VR F— 8 X #5306 (EDX) & VTR L 72,

3. MERLBZ

X 112 0.01 wt%RFE KT v F ¥ M 30 REEIESE72, CZTS #KD 7~ &
R MVERIRT, BTOEBERE T, Al ¥—27 BRIz, 2, BHE. #lzE
CuS X° CuSnS3 1T D B —Z 3R CEX o Tz, EHIZENEFNDOEY—T DT~
VT MRREEIRIC S RERBAIT AR o7, ZOREEIT. XRD % —2THFELT
Tholz, ZTNHORERIT, Ao EHEENIRES L L TWRNZ EZRL T
5o ZORERIX, RBREKGELZZNIEZHETLRILTH S,

1353 K

1333 K

Intensity [a. u.]

{313 K

L | L | L | L | L _293K

200 250 300 350 400 450
Raman shift [cm™1

1. T~ AT MLDOx y F o iR IENE

WIZZy F U THEIZOW TN ZITo T2, K2ty F U THEOT vy F U 7R
ERFEE T L= 27 ey FLEbLOERT, BEO LRI, = F o 7 HE
WML TWD Z ERD0ND, FRKIEMOM X X8V, Z Oy O L= %L ¥
—%&ROHE, K035eV ThHholz, HEILZRALF—DRNE, DOy F ¥ B
W, IEBAEH TH 200, ZiLé bREISHERTH D0 DO LR D, RERTH
HITIEMAL = L F — XA/ N S < ARBFFETHE B AL T 2 F2BRITE i SO Al
TiEe, EHFEETHL LEXOND, 22, Vv b=y F U7 TR, IEBomfz
[IREL T T, 2HBBFET D, O (KREROGEITRE) ORBRE~DIL
&, RSERM OB~ D2 5Th b, %< DB HERTHW L



L RFKOIREEIL, 48 W% TH D05, AREBRTHM Lo ZRFEKIL, RED 0.01 wt.%
EIEFITHEH N, ZDOZ ENBEEZTYH, REBRTHE O IIEE L= /L ¥ —1%, CZTS
TR I~ D RFBOIHOBRICBEET 5 B2 oD, IENRXENTHDL V= v K
Ty F T OB RPN S <L /X Z — AR TR KA
PERRENZ ENRHOEN TS, 5. ZHOORHZE L T, = v F o 7 Ofif
B 21T > T\ <,

[HEN
o
N
IIIII
®
]

etching rate
[nm/min.]

L | L |
3 3.2 3.4
1000/T [1/K]
X 2. TyoF U TEEOT F U TIREREEOT L= 27 1y b

[HEN
=)
|

N
oo

] 312 XPS |2 X - TH BTz CZTS A D = v F o MR R FEZ =T, K
B@ITART L DIT, thxIz# (Sn) KROWisE (S) k3B L, 8 (Cu) K OVHEiEH
(Zn) FARD EF L TWAZ R 5, £, bFEimlkdi v H Cu %<, S
WDIRNT ERbND, ZOLFEERMARSOT L, 5D L ZAFRKN DT
1/\7331/\0

I T T T T .()
40+ o i
ST ©
B |a A A A
o 30F .
= O Cu
— z Zn 1
é 201 A gn—
10_ | L | .A ] .A .
300 320 340 360

etching temperature [K]
3. XPS HIE T LN 7= REMALD = » F > 7R R

L0520 R4 9T, CulS, Cu/metal, Zn/Sn & TR S/metal [ZZ5#a U 7= Mk LRI



DONWT, K 412R7, X405, Culmetal tLITIZEA EEDSTWWRNWESITRZ S,
AT, ZniSn teEATH 0D L oI, HESHIN L. SO B3 Hio Tnd
7O NT EEDLOTICHRZ DT TH D, £z, MRS & HITHEIML TV DL
fidgid, Cu/S HLICE#T 2 EHIMEMICH D Z D, Cu OFEFEEOEMA K Z U
ZEERLTNVD, ZIUDO[EAIE, TivE THA PG LT REBREKFNE L
FRESER D, RBRRELZZCI TGS, REITIE Sn R T DM B o7z,
ZOEWVORFIIARATEN, ZORKEES Z L, BEIREOMINZ D223 AlHE
WRBHDHEZEZTWD, i, RIERENR—DDOT v F v N TRRD Z L BE,
BEUMZS, 2y TF U 72X T 0B RRHLEEZ26NE, Vey Ny TF T
T, =y F v > FORENKITTHENRRKE WV, T T v FORREEZFELL NS
Z&bh, AROBRFERETH 5,

1.5+ | | | | .

I A A 1

e | A o O ]

s | o ﬁ

s 1L O Cu/S |

c | ® Cu/metal |
c A A Zn/Sn

= | A S/metal |

L ‘ ’ ‘ ]

0.5-’ | A | A | A 7

300 320 340 360

etching temperature [K]
X 4. XPS IE TH b= RE O TTHMR L DT » F o 7R R A

4. FEim

CZTS #EREEE 2 0.0l Wt RFE/KICEIE S, = v F v » MREKRGFHEICOWTE
BRAEAT > T2 T~ U HELANY LR XRD /RN F — IR E REB(IT o T2, 2
DZ &1, CZTS #WEHIRE R BN RNWZ L2 R LTWS, =y F U ZTHENDR
DIIEHE LR —1L, BE~ORFBOIEHEDO =R LVXF—THDLEEZEZ LI, D
TARNLF—13035eV THo7-, v F o 7 H%OREMAIT. CuiBRIkLARIZ /2 570,
RERELT F U REZRHETH LT, BoWREIREBEERT 2 Z L 23k
ThdrE&E2ND,

23 3R
[1] =Rt 2013 FKZRIG B2 Al iR I S 18p-P12-4.
[2] H. Miyazaki, et. al., Proc. PVSEC-23, 3-P-48.
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[iIZzU®i]
ERBREYE & L THaLND YBaCusO. (z=7) &
OfEmEE (K 1) #2475 MBaRECu,0. (M : Nb, Ta;
RE : La, Pr;z=8) OAMKIE, —MEDL" ICX 0 BAICHE S
N, T OWEITBEEZRI o7 n, HIERFED
&, IEES? X, #MAk% (Nb.Sn,)SHLRECW,O. (RE : Sm,
Eu) 9252 &10XD x=02~03 (ZBWTT=37 K (T, : &
REHBIRE) ZRUERRAEIC L D R LZ. AF%E T,
oW EICESX, KRBT A BEELEBEREIIR
(p) WMIEICEVHERT DL Z2RBLT-. £/2, Nb© ¥ A
~® Sn*" OEVEOWKGE, RE FiC X %2802k (RE=Nd
ORFD IZoWTHR L.

[ F£8r 05 15]

Bl & f K %2 (NbiSn)SHLRECW,0. & L, Nb,Os, SnOs,
SrCO;, Euy03, NdyO3, CuO % W CHEFEGTE TRkl & 7

rare-earth element)
B g8t

1. Nb-"1-2-1-2"
D At

U7z, BERCSAARE, RBEZ R 850°C, 10h, ¢
ABEE KA 950~1090°C, 10h & L7=. F7-

MEBORLIZREEZE57-0DI1C, BEXKKT o
T 800°C, 1h FEET =— VA A{Fo7-. Bk E
OFAMIE, AR X MEYT (XRD) HEEO 4 5w
FIEIZ X 2 ERIEFHEIC L VT T i

GEED)

L
100 200 300

T{K)

RE=Nd, RE=Eu WILIZEBWTHAREZ DR 2. (Nb,Sn)Sr,NdCu,0.

BHIB(RE 2R S, MET =— V0E U 7IZiURHS

D p O FERA .

BWTHGEIEE MR I N, BBIIARTES T lPuREBIIZEL o 7.
2 IZ RE=Nd O¥AED p OIREKRFEERT. T. (FrEy b)) 1% =02 TH
37KTh -7, BIAEE Sn % F—7 LB CORBI S 7z, x=0.1 OFlEHS
BWTH SrSn0; &R LN BMENEEN TV, 5% Sn FR—T7 RO 70 iR
MRREEEZ NS, £, LV RERHEOEREZRLA TN FETHD.

(B35 3Ck)
) S, HAREZ I v 7 ZAHEFINGRIGE 97,1065 (1989). .
2) &b, %51 [HtET Iy s ARERHER S EEE 1E0S, p. 83,
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Characterization of ZnS thin films
prepared by Chemical Bath Deposition on SnS thin films
ok CIEmSEHEMEE D | miRE?
(RNt S = S 7 INE Sl
Yuji Miyata? , Kenji Yoshino? , Yoji Akaki®
Miyakonojo Coll. of Tech.Y , Miyazaki Univ.?

Abstract ZnS thin films were prepared by chemical bath deposition (CBD)
on SnS; thin films prepared by vacuum evaporation. ZnS thin films on SnS;
thin films were amorphous structure. Deposited SnS, is flakiness. Deposited
ZnS particle attach to it. SnS, layer was cracked by CBD process.
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1. Frim

HEENORERRA LN B E T, N RFX v v TS KGR HSE W IUE O foifaf 1.4e

VIV 1.33eV 2 LT % 7200 SnS (b a i 38 13 R B aE it W I8 oD 34
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Structural and optical characterization of Sn-S thin films prepared by vacuum evaporation

b e Y, Al 2, Ei ok Y
R ot D, ik B2 P, R E Y, Rk Y
Kazuya IwasakiV, Shigeyuki Nakamura?, Kenji Yoshino®, Yoji Akaki®
YMiyakonojo Coll. of Tech. , ?Tsuyama Coll. of Tech. , ®Miyazaki Univ.

Abstract SnS thin films were deposited on glass substrates by vacuum evaporation,
and the prepared SnS thin films were annealed at different temperatures in H,S for
1 hour. The results of X-ray diffraction and UV-Visible-NIR spectrophotometer
indicate that as-deposited thin film is SnS single phase and the direct bandgap of
as-deposited thin film is 1.5eV.
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Fig. 5. Surface form of SnS thin films annealed in H,S atmosphere.
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Fig. 6. Cross section form of SnS thin films annealed in H,S atmosphere.
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Control of composition ratio for Cu(In,Ga)Se, crystals grown by

mechanochemical method
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Suzuka Yamadal), Hideki Nojil), Tomoichiro Okamotoz), Yoji Akaki"
Miyakonojo coll. of tech., Nagaoka univ. of tech.

Abstract  Cu(In,Ga)Se; crystals was synthesized by mechanochemical method. The m
ole ratios of starting materials were Cu:In:Ga:Se,=1:1-x:x:2 (0<x<1). Composition ratio
n of all crystales was Se-poor. For improvement of Se-poor, the mole ratios of startin

g material were Cu:In:Ga:Se,=1:1-x:x:3. Se-poor was improved.
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Control of emission spectra of CdSe quantum dots
by using alternate beam supplying method

MILERHE !, AJITESGHE? RIXKE I
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Okayama Univ. of Science ', Isikawa National College of Technology %,
Tokyo Institute of Technology
°Nobuto Ohsugil, Yasuto Kawasakil, Minoru Yonetal, Satoru Setoz, Tomoyasu Taniyama3
E-mail : s12pmO4on@std.ous.ac.jp

Abstract Stacked CdSe/ZnSe quantum dot structure has been fabricated by
using alternate beam supplying method. Photoluminescence spectra were
observed with separated emission peaks correspond to the quantum dot layers. In
this work we will describe the CdSe/ ZnSe quantum dots are stable in stacked
CdSe quantum dot structure.
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