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CIGS XEFEMORHE - FAEICE I NT-iRE

Surface and interface issues remaining in CIGS solar cells

% Mk
PEEHATRAMIZEET KGR EN ' o # —
Shogo Ishizuka
Research Center for Photovoltaics, National Institute of Advance Industrial Science and
Technology

Abstract  Surfaces and interfaces can often be complicated issues in
solar cell devices. Here, three interfaces present in typical Cu(In,Ga)Se,
(CIGS) solar cells, namely Mo/CIGS, CIGS/CIGS, and CIGS/buffer
layer (near p-n junction) are focused upon. Remaining issues to improve
CIGS solar cell performance are reviewed and discussed.

1. IZL®IC
UT4E, Cu(In,Ga)Se, (CIGS) AKBEEMLIZ/ N T /L T 22%LL o SEEZS#Hsh R )3 1
END X DI D[1,2]. Kidh Si = CdTe 72 £ & W OVE R A2 £ KB E A B O —>
ELTHRLE DT Hivd, KGR O EER LI BRI L o THHEANZRERETH Y |
CIGS KIFHEMIZIB N TH TR DR A EARDOENTWD, ZZTlE, @i
VB HRRRE A il - FEICTER U Clam Ly OREIEAT O BRZS I ) 7o i %
RT3,

2. CIGS KIFE#M.IZIT 5 i

Figure 1 (2 4R 72 CIGS KRG R L D H
EERT, ZOT A AERICIT LTS
AR OFEENMOND A, Z 2Tl
BRiCEBE L N5 30 M. Thbb
OHEmEMSE Mo & CIGS ® 5. @CIGS
e R A, B8 X OGCIGS &3y 7
7D p-n HEAMEOREEZ Y LT 5, » 1
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[SE4Y, - > 1= > = 5.0kV 8.8Bmm x25.0k 2.00um
:iglfg Glz :];o:z 22%? g;;ﬁ%: %?, Fig. 1 Interfaces in a CIGS solar cell.
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T OBICIET VA Y BRI EZE T DLEN DY | Z DT DT X R
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DHERITA % S 572 5 Ky irEe o LICEH#kT 2 2 E RS 5,
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[2] M. A. Green, et al., Solar cell efficiency table (version 49) Prog. Photovolt. DOI:
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R B NIRRT CdTe RCEE BRI DB

Development of CdTe-based photoel ectric conversion layers
for radiation tolerant FEA image sensor

1 REEER, 20 5K, 3. PERHE, 4. §RK, 5. KRBRFIZKR
T. Okamoto', T. Igari, Y. Gotoh?, H. Tsuji%, M. Nagao®, T. Masuzawa’,
Y. Neo*, H. Mimura®, N. Sato?, Y. Akiyoshi®, |. Takagi?

1. National Inst. Tech., Kisarazu Call., 2. Kyoto Univ., 3. AIST,

4. Shizuoka Univ., 5. Osaka Pref. Univ.

Abstract We proposed a compact image sensor that uses a
combination of a matrix-driven Spindt-type field emitter array (FEA)
and a CdTe-based photoconducting film. First of al, we investigated the
effect of gamma irradiation of CdTe/CdS photodiode for radiation
tolerant FEA image sensor. Taking into account the decrease in
transmittance of the glass substrate, the CdS/CdTe photodiodes have
sufficient tolerance to high gamma-ray exposure more than 1.7 MGy.
Next, we investigated |-Vcharacteristics under gammarray irradiation.
The increase in current due to the gamma-ray absorption was observed.
The increase rate in current at the voltage of -5 V was approximately 220
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nA/cm? per unit dose rate (1 kGy/h).
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Fig. 1 Proposed compact image sensor with
FEA and CdTe
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Fig. 2 Typical IV characteristics in Fig. 3 Typical spectral response in the
the CdS/CdTe photodiode CdS/CdTe photodiode
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Radiation Response of High-Efficiency Thin-Film IMM Triple-Junction Solar Cells
FEHEE' Jv—7 2 BUHE® °SR = BAEHL? X R°®
JAXA' SHARP? QST?®  °Mitsuru Imaizmi® Tatsuya Takamoto® and Takeshi Ohshima®

e B
1. & =

Tr—T7 L IAXA L, IR OFTHE KB EREL T InGaP/GaAs/InGaAs i iEa A § D& RIEE
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AR S3BEA KB (B Hh =R 30%55) J0bE2h3% ([ 32%) 2 RBLL T\D. ZO'/Lix
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Fig. 1. Degradation trends of (a) Isc, (b) Voc and (c) Pmax of 1J cells with subcell materials in IMM3J
cells irradiated with electrons (upper) and protons (lower).
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First-principles study of optical properties in incommensurate
TlInSe; and TIINS;
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Abstract The ternary thallium compound of TlInSe, shows the giant
thermoelectric power in a low-temperature incommensurate phase below 410K,
thus expected as a promising material for thermoelectric devices. TlInSe;, exhibit a
low dimensional nanostructure is Tl atoms arranged in one dimension, the optical
anisotropy is measured. Similarly, TlInS, of Tl compounds exhibit a nano-
structure that Tl is located in a two-dimensional, show the incommensurate phase
at low temperatures. These material system, application to nano-devices and
optical device materials also expected. In this work, we study electronic structures
and optical properties of TlInSe, and TIInS, using the first-principles calculation
and clarify the origins of their giant thermoelectric powers.
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(ICHH) ~OREEFE L > TE T EENEIL T D720 B 2N TEY, SHITEF
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(a)Dielectric function (g2) in Incommensurate-phase (2a-period)
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(c) Calculated Band structure in IC-phase (2c-period)

(d) Charge density in top of valence band at T-point
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1. Abstract

CuGaSe; thin films with different Cu/Ga ratio were studied using photoluminescence (PL) method.
Measurement at 1.4 K shows asymmetrically broadened PL spectra for all the samples where PL-peaks shift
to lower energy with a decrease of the Cu/Ga ratio. Excitation power and temperature dependent PL spectra
were explained using donor to acceptor pair transition under the influence of potential fluctuation.

2. Introduction

Chalcopyrite CuGaSe; with band-gap, Eq ~ 1.68 eV is considered as a leading material to get high-
efficiency solar cell, since band-gap is close to that of the ideal band-gap for the single junction solar cell.
Moreover, larger band-gap makes the CuGaSe; suitable for the top-cell in the tandem device together with
CulnSe; (Eg ~ 1.00 eV) as the bottom-cell absorber. Nevertheless, so far, CuGaSe; thin-film solar-cells
with a CdS buffer have achieved efficiency around ~ 11%. To get optimized material quality, an extensive
study of CuGaSe; is indispensable. In this study, we have used photoluminescence (PL) method to study
the effect of Cu-content on the optical and structural properties of the CuGaSe, material.

3. Experimental

Polycrystalline CuGaSe, thin-films with the typical thickness of 2 um were grown over Mo-coated
soda lime glass (SLG) substrates through a three-stage co-evaporation process [3]. Several CuGaSe;
samples with various bulk Cu/Ga ratio were grown by changing the third stage growth time.
Photoluminescence (PL) spectra of the CuGaSe,/Mo/SLG structure were measured using Ar*-laser with an
excitation wavelength of 514.5 nm using liquid nitrogen cooled InGaAs detector.

4. Results and discussions

Shown in Fig. 1 are the PL spectra of CuGaSe; films grown with various Cu/Ga ratio. In general, all the
spectra show an asymmetrically broadened feature with an exponential slope on the low-energy side, while
steeper Gaussian incline on the high-energy. PL-peak shifts to lower energy with decreasing Cu/Ga ratio in
the films. Peak-width (FWHM) also broadens with decreasing Cu-content. The shape and tendency of the
spectra are in agreement with the feature of donor-acceptor pair (DAP) transition under the influence of
potential fluctuation. With an increase in the laser-excitation an increase in the PL-intensity together with a
strong blue shift in the PL-peak position were observed for the sample with Cu/Ga~ 1.03 (Fig. 2). Moreover,
band-width of the emission line became narrow with increasing power. The strong blue shift of PL-peak
suggests transition occurs under the influence of fluctuating potential. Increased excitation-power flattens
the fluctuating potential due to increased carriers resulting in a large blue-shift of the PL- peak, and
reduction of peak-width. For the temperature-dependent PL measurement, a clear red -shift in the PL peak-
position along with a decrease of the PL-intensity were observed. All the above experimental strongly
suggest that PL-transition even in the near stoichiometric CuGaSe; film is due to DAP transition under the
influence of potential fluctuation. Magnitude of the potential fluctuation was calculated from PL and
discussed in relation to Cu-content in the CuGaSe; film (Fig. 3).
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The sodium effects on the CTS thin-film solar cells prepared on alkali-free glass substrate
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Abstract  CuzSnSz (CTS) is considered to be a suitable candidate for
future use as the absorber layer in thin-film solar cells. In this study,
CTS films were formed by co-evaporation of Cu, Sn and S on alkali-free
glass substrate (Corning EAGLE XG). After deposition, NaF was
deposited on the CTS thin films. After NaF deposition, the
NaF-deposited CTS films were annealed in a carbon container with
sulfur. After annealing, the sample was dipped in deionized water to
remove residual NaF. As the results, the grain size of the films with NaF
deposition was larger than that of the films without NaF deposition, and
the power conversion efficiency of the CTS thin film solar cells were
improved by annealing with sodium deposition.

1. ITC®IZ

Cu2SnS3(CTS)I L MR DD HIER P I B E N AFTET D ILH 0 DB S D p B8R T
HDH, 094eV DO KXy v 7D 10 emt LLEO @O HRIURE DS A STl Y
2, KBSEMONRIE & U CHERMMEA2A L TW5D, BIfE, SLG FEb Hic/ERL
72 Sn/Cu FEJERIBRIAIZ NaF 27835 L Sn, S &7 =— L Z LIC LV 1ERI L7 CTS %
W72 KB TEBLNR 4.63% 0N HESNTWD I, £/, Fix LiEEDO Na @
2 & o TRIFFZEAEEZ HWT SLG RIC/ER L7z CTS KIGEMAFENSGET 52 & %
WELCE 4, SLG i BIC/ER L7231k, B b o Na &L H5 2 L
D35, KREFFRTIXET )L U 57T ZA(EAGLE XG, Corning) LIZ[FIBFZR S 1EIC K - THR
e L 72 CTSIZxf LT NaF 225 L, [EfRmE & L1 N RS H TNEVLEE 217 5 =
ET, Naidlsinz L 53R >V TR 21T - 72,

2. EBRFE

Mo #=— K LT LV H U AT AHM(EAGLE XG, Corning) _EiZ, F:AkiEE 300°C
IZCCu,Sn,S(7 7 v ZiRJE 800°C)% [RIFFZ3E L, CTS Ak Z /ERL L 7=,
15 B AV T BTBEAERE 12 NaF 2 10 mg 7835 L, JRAZMRINEVF IZ CE ARG E 100 mg &
|2 570°C, 5 M OBSLE L, Fmk, MKHIC 30 SRIET 5 2 & TR NaF
DIREEIT- T, FFH47 CTS il EIT/LARHEREIEIZ L D CdS, RF A/Xw 2L
XV ZnO:Al, EZEEGKIETEIZ L0 HTE Al Ef AR L 9, EAGLE XG/Mo/CTS/
CdS/ZnO:Al/Al K& D KBEEEHLT /A A ZERL L 7=,

3. BRBIUOER

o7 B XRD 38 X O Raman 43 G ERE R % Fig.l, 2 1277, &COY T
JUZFUT monoclinic #1&E® CTS IZIRE SN bH B — 7 BN @lsk s, £7-, NaF %
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WTKBEME UL E2ITD, SN 7=T /31 2% AML5, 100 mW/cm? R iz T
EESEMEEZRNE Lz, T ORE% Figd 3 L0 Table 1 (2779, NaF 2854 L 0k
TI%, NaF 2783 L=k Tk, Cu/Sn=1.8,1.9 ® CTS #HW\/=F /A AIZBWTE
BshRNE S, FRIZ, CulSn=1.8 I28\\T, BAMEIE 0.242 V, FHKEBEHREE 26.2
mA/cm?, HI#RIKF 0.52, ZHzhER 3.35%723 5 H vz, [E L Cu/Sn=1.8 ® CTS #fE T
Ho>TH NaF 27445 L T ZWEkEHT, JEEEINIGE LA TW RN L 2vh, NaF &
L ORBHI A, RN R LT-Z & TEERSZES N EZ LN,

Table 1. Photovoltaic characteristics of CTS solar cells.

Annealing Cu/Sn Voc [V] Jsc [mA/cm?] FF [-] PCE [%]
without NaF 1.8 0.012 04 0.27 0.0
with NaF 1.8 0.242 26.5 0.523 3.35
with NaF 1.9 0.257 25.6 0.478 3.15
with NaF 2.0 0.011 4.4 - -
4. KEww

T 7 U —H T A EAGLE XG Mk FIC/ERL L 7= R 7845 CTS T NaF %2 /8
BL, Wigs & bioT7 =— VWS 25 2 & & TCTS #iE~D Na iz {1-7-, 7=
— WRJE 570°C TD NaF 7&87%& O M & ARG MEIZ DUV TR, NaF 2855 O F I
MO 5, Sn-rich #LERIZ IV T, Sn OEEINC - TRIREDNE KL, NaZ&ZEH Y D
BE, Sn-rich MLEICHWT, Na ARG LICHRTHRENE LLBRTIZLEE2HL
T L7=, CulSn=2.0 75 1.7 O&IPH T, 1.8 L ThiRIIR ALY, £7-, Snil
TR & Y, Na OIS L - T, fESbOREMEET S Z &N RB Sz, NaF
FRAEM L CEVLHL L7-4A, Cu/lSn=18 Th->Th, JHEEBENIFALEE LN,
NaF ZK& & ) TEULEL L7-854, Cu/Sn=1.8 ICB W T BT el 4 R L,
PCE=3.35%% 157=, JEAHNEOM I2iX, SnidRFLAL, Na @O 7 A 45T
HDHENTREBIND,

BEE
AWFFeD—E 1%, ISPS BHAFE JP16H04336 OBk A% T -t DT, £7-, DD
—X, EMEsEdkET 7 o X —TITB 2 W E Lo,

BEICHR

1) N. Aihara et al., Appl. Phys. Lett. 108, 092107 (2016).

2) N. Aihara et al., Phys. Status Solidi C 10, 1086 (2013).

3) M. Nakashima et al., Appl. Phys. Express 8, 042303 (2015).

4) HrEEA, TR 27 FEEZL UG - KI5 EE M Z0 2 AR R T 235 SCAE pp. 125
(2015).

5) H. Araki et al., PVSEC-26, 3.2.1e (2016).

6) A. Kanai et al. Jpn. J. Appl. Phys. 54, 08KC06 (2015).

16 / 74



571 BREEED CulnS, KB E it A

Graphene Transparent Electrode for CulnS, Solar Cell application

A1l F4h Ryousuke Ishikawa’,

IUE K& Tonan Yamada, K% £t Tomoya Oya, ¥ [£% Takahiro Nomoto,

#EH E Nozomu Tsuboi

HrE K2 Niigata University

1. [FL®HIS

777 2 EEmNE X U T BB LR L O R
HEH D, IRFEO TR S I D T2 DO TR OB D
LHRBHEEBEBRMEE L CTER SN TV D[], FEERIC
777 2 HEIEERE T 5 ) o KBTI
BOTEWBEMELEZ R L, x0T 7 = 0 FH
W 2 BRI H W R LA KB E R (CulnS,,
Cu,SnS;, SNS 72 &) DOFRAEITH Y A TV D, RBFFETIE
Hifg L %@ 5 7 = B2 culnS, (CIS) A HERS L,
AEEMSHAOAREEE A=,

2. EBRAE

777 x VTRV SRS REE A AW T A X %
1000 CTEGMiR L TR L 72, HEZ 7 7 = v OBAIX
JEE 50um DEEZ, 2B T 7 = OEEITATE EICA
2% BRI U722 & 800nm @ Ni #ifi % 2 1LE Uit 4 g
HEME L THREL, E LT 7 2 VIR A2
U VB A F VG (PMMA) &2 FHWTY =74 A8 L
UFFEET 7 AERICIEGTT 5 LIk oTr o770
BB (ER LTz,

iﬂ'ﬁﬂé’“—’f“/ FBOSPEA R > & % VT, 7‘57:‘/

T CIS A pihsE U 7= JEHR I 450 °C, 5/E1% 10°

Torr TR, Ar4yEiE 4.2 mTorr, CS, H A4y E L 5mTorr &
L7z, Cu XU In #—7% v bxtai <o R ke b
(toutin)lE 4:4 THRUPERFFIZ 2 h & L7z, —f%MIIZ CIS &K
F‘E'Eﬁf‘lﬁ@%ﬁ BARE L CHWOHILS Mo B 2 Rk

T CIS A e U Crif L7,

1%62}@7‘: CulnS,/ 777 x> (Hfgor&fE) 177 A (V
— X T A bor i) FEEEOBE-CHMEE A LT,

3 IERLER

EBRE T-BEMEE (SEM) I L 2B OB E, $05~1
um @ CIS WIS EEE R H—ICfiisn Tk, /7
7 =¥ ETiE Mo £ CIS & b U TR & 22 FRR o f fha3
mﬁbfwé ERMERTE (K1),

Z CIS #fo> X #REIHT (XRD) /3% —2 %K 2 1TR
ToMoLk%&bTCMﬁﬂﬂWﬂ@DE~7ﬁ7?7
= EOHEREVES, vy —TICBEATND, £ 11
K= 7o FHIFER ISR L7 CIS DR Iz >\ T
F L, (L2)¥— 7 O, ElE, fhoilm e —2
LOBEENLWTHO ST 7 2 EIZBWTH Mo E
LI L C(U2)ER Aoy CIS WA E Lz, Zh
127 T 7 = KT L CulnS,(112)1f & N B THEE L T
WAZDTIERWNEEZ TS,

77 = OEOKEBRIEND CulnS,-7 T 7 = U FEE
13 CulnS, DWLINSRE (K 800 nm) LL_EDYEIT% LT 70%
PLEOEWEBREREHFLTEBY, CulnS,-27'7 7 = fh
DA — v 7EEMEFRLTNDZ LR TE -,
culnS, K EME L OEEEMm 7 H N SHS AL OH
MEME L COEWRT v v L aRET-,

4. SHOEE

BIE, 777 =r%BMIZHWZ CulnS, KEGEME /L
ORIEEHED TVWDEN, 5HITENVAERE MOk 217
W, 7772 rBWHEBRROARAEERT E S B,

CulnS,-7'J 7 = » REIRED A — I v 7 PED IR A Bk
EEBROME D HER Lz,

B35 Xk
[1]. Ishikawa et al.: Jpn. J. Appl. Phys. 51, 11PF01 (2012)

graphene
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o ————

Mo

1. $E777;/L®am&%%@®ﬁﬁwmﬁ
&by SEM %, Mo o CulnS, #iE o (c) i SEM 14

& (d)yZ i SEM 4
@ oGz I vICuInS;
:‘é
=]
o
E (024)
> (230) (133)@24)
8 L B ¥ CulnS_]
o uhMe ]
£
- F i
cF j
x| ]

10 2IO 3IO 4IO 50 60 70 8I0 90
26 (deg.)
X 2. @777=rkisTCiCOMo LiZfER L7

CulnS, # % XRD /% —>/, Wi CulnS, ® PDF ¥ —#
(PDF#47-1372) 5 [RIE L 72,

#1 CulnS,# o> XRD HIER R £ & o

(112)Peak FWHM (112) Ratio
Intensity (cps)
1L-Graphene/SLG 7413 0.278 0.965
Mo/SLG 817 0.411 0.763
1L-Graphene/Quartz 610 0.588 0.771
ML-Graphene/Quartz 673 0.270 0.741
Mo/Quartz 258 0.523 0.523
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ZBRERICKPEFERERL Cu(In, Ga)Se, TEA XL v LR E
Epitaxial growth of Cu(In,Ga)Se; thin layers on single crystals by a three-stage process
ELRMAKBAREMR L 42— Ok HE, BH KF, 5H =
AIST Research Center for Photovoltaics, “Jiro Nishinaga, Takeyoshi Sugaya, Hajime Shibata

E-mail: jiro.nishinaga@aist.go.jp

X UBIZ ;. CIGS KIFEMITIEMIUREE L OEBR/ I E L, K22 b - @RS E
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L7~ ™ 312 GaAs (001) 545K |- CIGS > SEM ’ Colse,

ZnSe
R, REIHEEMRIER SN TNDA, K&/ Sas (UGS, AP s
° AlAs L%
77 X%B %%%@T% ) o 4 12 GaAs (001)%1ﬁi ) GaP ® . ::|\>/I
CuGaSe, TRV
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Z CdS J& & plefEtg . B PLIC K> TO8F v G
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Intensity (a. u.)

1.

Cu(Ini-x,Gax)Ses KBFEM D KA DOIEE 7 1 7 7 A /L & AR R
The depth profile and reducing effect of the defect phase in Cu(Inix,Gax)Se2 solar cells

ZREMA N L, Xia Haol, #FHK4&FHA 1, Muhammad Monirul Islam!., FJIHEKLF 2, AHEMEE 2,
IEE 2, SemEE 2 BOARsErE L, EFHEBE L
THIE R, KRS LM REAR 1-1-1, s1620320@u.tsukuba.ac.jp
20 PE FEHANTRR A BFZEIT, RIS < IXTikER 1-1-1

=

CIGS KIGE DB % 1) F S8 5 729012 CIGS #IEH O KD—>Th 5 Cuz-sSe FIIZIEH L, X
Mt OIRIE 7 0 7 7 A4 N EiToTz, ZOREF, CIGS HEHIZ Cue-sSe FHAHT N E VD JFIA & LT = Befikik
12X % CIGS MR FRIC 31T D eEOIEER AR & & 2 bz, kI, FrHEhrz Cuz,Se fi%
PN 2 72 DI BVLER & Jit L& DR 2 ]~ T,

EBRB L ORER

CIGS & BHCIGS/Mo/SLOICKT L TT B L A X ) — VA A4T 9 Z & T CIGS KO BN T v F o 7 S,
CIGS ENESORHMEN AEEE 72 D, Ty F > 7 %4T-7= CIGS JRICH LT, T~ VLo iEEITH> 2 & T
BRSO 7T a7 7 A4 vE2iT-7-, K1 0@, OIZ Ga/lltEA 0.2 & 0.6 DFEID T~ AT hLEIR
9, CIGS KD B — 7 1% 170ecm 1 T, Cusz-sSe fHHHK D E'—7 % 260cm! TH D & b, (@Dl T
1% Cue-sSe FHHO B — 7 3 S e otz, —F, D FE Ga/llOFENCIE Cus- s Se MR &4, -
KEIZE LW ENTZ, CIGS IO EHEFIT T Cue-sSe FHRKH SN 7=, Z OJRIAIE =Btk X
5 HPBORFRICB WO T S 172 Cuz-sSe N RIS TR 7o/ediZ B 265, o, & Ga/llkb Ol
T Cuz-sSe HBMTH SN Z &6 JTLEOILHARZED Cus-sSe tHORINZHEL E2T-2E2 b
bHo T T, Fo 7T ==X DBVE i3 = & TroFEBOIEHEZE L Cus- s Se fHOIK &2 A 7-, 7
=— LERMFIEIREE 600°C, Wil 10sec T D, CIGS BERIEIZIIT 5 Cuz-sSe HHOZALZ T~ L HIE LV 5l
R CIGS DT~ B —2712%3 % Cuz-5Se DO B — 7 OFRBRE A KD 7=, TOMEELK 2 (18T, 7=
— VLR i 9~ Z & T CIGS I Cug-sSe FHITIKIA A H A, & Ga/llklZ 72 213 EHREIIR & < 72 HfH
mMARBND, KRIZ, KEGEMEFMEZX 2 127-T, 7 =— VLB A i L7508 CE# R om B i S i,
# Gallll 272 I SN CREE OB L &I L7z, Z DML Cuz-s Se fHOEIHOMET & B < ITE
D, 7= VHLERIZ & 5 T Cus-sSe M Le 2 & TRIBIENM E L2 Z & 2R84 5, &k, 7
F b v R AL I WTZIRORGENE DIRIE M 7 v 7 7 A WZEF LTI L e WET 2,

(%) 30d
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] 5 —e— annealed 0.8f 3 < annealed
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197 74


mailto:s1620320@u.tsukuba.ac.jp

W R FRIZ & D CZTS % D 2% i ALEg
Surface Treatment of CZTS Thin Films by Hypochlorous Acid

ils kML, B o, FE ORASE L BAT VBB AR g Afd a2
1. PR BRI BRREAB T2
2. RIMTRESFHMFE ERE S AT L LFH

Daichi Yamasaki, Hisashi Miyazaki', Masami Aono?, Hiroaki Kishimura®,
Kazuo Jinbo and Hironori Katagiri?
1. Department of Materials Science and Engineering, National Defense Academy
2. Department of Electrical and Electronic Systems Engineering, Nagaoka National College
of Technology

Abstract CZTS is expected to a thin film solar cell of low cost
and environmental load by these characteristic.Surface treatment of

CZTS thin films using Hypochlorous Acid (HCIO) were carried out.
After the reaction, there was no change in composition of CZTS. A
change in the surface morphology was seen.Different from the results
of surface treatment using pure water, bromine water and NH4sOH,
oxygen is not removed from the CZTS surface using NaClO.

1. IZC®IT

I ERICEENROVARIZE 5T, HAPILEREEETIHMES D TR T,
DAORFGER) 70 AL PERTREM: 2 B JE L 7= KB OSBRI CTEHEETH 5, CZTS

(Cu2ZnSnSs) X 1-T-M-1IV4 @ 4 AL EWF-EIR T, B asX41 T4 F CIGS

(CulnGaSe;) ™ Se # S CTEH#a L, M xFEOMEE (In, Ga) % % Zn LIV Sn T
T OB LB TH S, CZTS OMEIOMMOLF I THMEN S E T, BE)o
WELTRLFHL WD, £72. 100 em? A & R E ORI 2 A L, 25
ME23%) L4 eV Th D72, KEGEMAEINE & LT L Tnd, LrL, WEZH
AR L0 R VIRWEEZNE LG D TR, BHENME< M2 5T
HFEKD—>L LT, CZTS #EL Ny 7 7B L OREOMENDH D, N E THhx
OFFERE Tl BFEK, @IbKEK, 72T KEZHOTREVLHEEZ{T> T
7o TIRICE DBEOFR A E LT, —EICKREOERPE TE 5 2 &, EECIK,
D& N T D Z & ENETF BN D,

WA T =y by F 7 O—FIEEEZ DL, OER~DWEDOYLEEL. @Yk
BL-E L oG GRlERFORE) | OBEM DR ~DILHED =>O 7 vt X
Wb, ZO5H, ALFERILNHED QN EERFHEED, AL TIE, BROBR{LAl &
L CRDICATARERIAKR CTH DR RREA 42 2 Gk ERB T Y U A

(NaClO) IRk & CZTSTERE D £ HALFLIZ A=, 72, NaCIO R IZIR a2 R
FTOT WHEITLHETHDHZn, BLOSn & BRI ILT 5 Z ERIFFS LD, L,
NaCIOVRIKIZ & 2 FRHEAFE OFIEIL72 < .CZTSE ED X ST 2 03550 > T
RN, T, AW TIICZTSHEME AR E . IR{ERFH ., WIRIRE OIKFED #7222
NaClO¥&#E T2 WL % fi L 7=,
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2. EBRFIE

CZTS #E %, CZTS H—# —4 v 225 MolSLG Bt Bz A2y 2 ) o 7ik%
WCTHIRE L7206, B 40 L CERL L7z, i/ L7 NaCIO #&ikix MATSUBA
CHEMICAL 8GR 1L 10 wt. % TH 5, NaCIO /KIEIR DI % 0.1 wt. %, 1 wt. %,
10 wt. %I ZHRHIK TAVIR L, 12 FFR 2 10 7, 30 £, 100 £, iR E 2 =il 40°C,
60°C. 80 CIZZAL &V T, ZIELFR A i L7-, ALFRAT & ALER# O BHE, Raman BLEL
itiE, EBREFIEMEE (SEM) BL O R —458A X o8 (EDX) 12T
M L7, AR OB HEIC NaCl OIRFEDSHER Sz 7o, #ikicEt b U 2
L7z, MK OFEHE, SEM 3 L OVEDX (2 TRHE L 7=,

3. RRBIUEBE
4 112 NaClO ¥k i 10 wt. % (T2 L ——

imC, 10 ¥, 30 ¥, 100 ¥ CTRELL /= f 0
B Raman A7 KL oRd, AL _30%iﬂlé 11000%\
At D Raman A7 MLVOFERN G,
K — 7 OFfEE, TR L OMIEIZE
IR BN hoTo, £, fERINT
v — 271342 CZTS IZH¥kT AL DT
bolz, ZOZ LMD, fMmEICKE
REALITEN NS T B B NS,

Intensity [a. u]

! ! ! ! ! ! ! ! | ! ! ! !
% 2 | A 72 NaClO ik CHLER L 200 400 @o 800
T2#E O EDX WIE DR R EZRT, L0 Raman shift [em ]

AEHZ B W T HIEDE 53D Cu/metal kb Fig. 1 Typical e bef A aft
A R o s e ig. pical raman spectra before and after
FO CZTS O ERISHBLILIC 2L NaClO treatment with various dipping time.
ﬁ%ﬂfcﬁ"ﬁ)/)fio 100

317 SEM & Rt NaCIOWIE = [ .o
WERFHIE 3() D L 5 (T, FiEITITE T B 4 Zn 4
BORAROWES L OEHROMEDS | O
BESh, 20k, ChbklkE  E B0 -
T DT OIS L D% 21T 5 | |
~7-, EDX Cofigaromke, © 5 {0 |
DRAEICBVTH, Bomyo 2 o . . .
Cu/metal tb55 > CZTS O EZ kit g [ 4 4 . .
(AT R B e o T, Rl O
3Q)(d)()IC RS & 5 1c, BikH AR Sopineme e 190

NRLSRDIEFE REDORPLL2D
F D% FEHOMMY2 A U, gl Fig. 2 The composition ratio before and after
HEIT L7z, E£72. REIZX 3(C)D & NaClO treatment with various dipping time.

N ERROWE TR MmO A b

otz FIROWEIIREIK S TeEE o7, ZNHEJILIZE ZA, Zn,
NaBLO O DB Tho7o, £, #hROWEITRm O R o o773, ki
WOME O—ITRE TR ST EFE o7z, B EHDHTLIZRER, Zn, Na, O DO
BRI TH 7, ZD720, ZOWEIT,
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ZnO+2NaOH+H20—Naz[Zn(OH).] R | —
A :M y 3 "”*1* o
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s

’
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(a) SEM image of untreated sample. (b) NaClO0 10 wt. % , 30sec , RT.

(c) NaClO 10 wt. % , 10sec , RT , after (d) NaClO 10 wt. % , 30sec , RT , after the
the post-treatment. post-treatment.

(e) NaClO 10 wt. % , 100sec , RT , after
the post-treatment.
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Fig. 3 SEM image of each samples.

Table. 4 The composition ratio of sodium and
oxygen in each sample after treatment with NaClO

solution.

ARALER | 10 B 30 7 100 £
Na 2.22 3.05 242 2.95
O 0.47 13.17 8.16 35.23

Table. 5 The composition ratio of sodium and oxygen
in each sample after treatment with NaClO solution

Ultra pure water.

ARALE 10 7 30 100 ¥
Na [2.22 0.9 0.63 1.07
o 0.47 5.49 5.02 9.65

O\ THAETHT FF7 e Ruexy Mgy (1) BT M) VATHLEEZX LD,
LML, ARESERIZAKICEMET 21T TH D, RIBEOMK bR Sz, TD®,
Z DM ENOME & W) AIREMEL B2 B D,

FA4FX0, TRV A (Na) BLUOEEE (0) OMESRIE, ROBEE & kT 5
EALERIZ LM OR & BN HER S o, FRICERF oMt RESEMML T,
Z UL, CZTS IZkF LT HCIO A F v Mgkl & L TW72d ThH L&D, F
7o, RS5 XD, BMKICE BRI E T 5 &, 7 M U ABIOEEDOMAKL
(el LN Y gV e

4, fEim

AN DL 72 R R e T N U 7 A (HCIO) &k % v T, CZTS D
REWEEIT o Tz, T~ AT MVICKERETHER CTE o lzlzd, KE 70
EELIFEE W eWneEEX LD, MR OMBBIREN LA L2 &b, R
FlET NV U AT CZTS I2xf L CEALA & LTV = & B 2 Hivd, IRILE SRR
TR U U ARHRALER L 13RS NaCl DR SN2 Z &, B OBHMAKTO
YAIMETH S, LU, Na, Zn, O R Z AT AR ORENLETHDH Z &
Hoo T,
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PLD %I &k % CZTS #ED/ES & #Apk 51

Composition evaluation of CZTS film by PLD method

IR BRY % ERY S0H R0 U HER? WhHE Fos !
1. THELERY LR EXEFIEm LFHK
2. KBRIFSER Y T5ER B - WELRFI
Masahiro Kotanit, Goto Yuta®, Hiroki Miura!, Yong-Gu Shim?, Kazuki Wakita!
1. Chiba Institute of Technology, 2. Osaka Prefecture University

Abstract  The compositionally adjusted Cu2ZnSnSs (CZTS) poly-crystals
with compositional uniformity were grown by solid-phase method using
stoichiometrically defined CZTS, ZnS, SnS and S as source materials. The
CZTS thin-films with compositional uniformity were successfully deposited
on Soda lime glass substrates using pulse laser deposition (PLD) with the
grown CZTS poly-crystal as a target. We confirmed that improving the
composition uniformity of the CZTS target is effective for improving
uniformity of the CZTS thin-film.

1. IZT®IT

DU ST R 5K CupZnSnS, (BAKE, CZTS) IR CRICA D ILHEB LOEHILRZH W e
ZEMD, BEFAAOEEK L WD, FN XY v TR F -3 1.5eV & &,
RBG FER WS O Fe BBV 2 & b KGR B L TRWART oy V2 FGT 5,
N E TOMZETRIGEMME E LT CZTS I2B 1) D ik bR M ST 5[],

AMFFE Tl PLD (Pulse laser deposition)i%iZ L W SLG(Soda lime glass) Ak 12 & fin'E CZTS
IR 2 T 2 7= DI 5 CZTS ZfEdh ¥ —47 » N O/ & Sk el Hil 5 5
7o, EMBUNEIZ X D CZTS L OIFRI KOG 21T o 72, £7 CZTS Zitd ¥ —7
v NER, PLD JEIZ X% CZTS HIROER 21T > 7=1%, CZTS s 5 4Mh L 7=,

2. EBRFE
2.1 bFERRLA LR CZTS ZfEdm D 1ER

AW TIL, WBOICEMEREEE AV, LR CZTS Zitm e E 4%, 1ER
FEELTIZRT,

SRR, WENVKR, WEMR, 8 K% CZTS Db Fmamiitt TdH 5 Cu:Zn:Sn:S = 2:1:1:4
DENVEHERTEE L, 70 T3k EBEFLESREZ VTR 25 FFELL EIRAT 5, &I, 1B
B LR EEZ 25g FREREVELY, XLy M A ABLOT UV AKAE HWT, 1% 300
kglem? Nz, FFRRICIER AT 5, = 0%, T Lk 2 A 0E (WEE : 1.27em, A% -
1.78cm) ([ZEZEH AT 5, A 2K 2x10° Torr £ THER LT=, HA L7723k 2 BELKIFN T,
900-950 °C o= BEASIEE TH) 96 BBERS L 7=, (L FBamfk bR CZTS £ 4 CA B LW
CB #{Ef L 7=,

2.2 MR REE CZTS ZiEf & — 7 v h O/E#L

(bW amA A LR CZTS ikt /ot U, &6 =M obris 4 ooic, Ak
H& CZTS 2ty — 7 v e EfT 5, DIFIERFIEEZRT,

HSESHLEAZ B L, CZTS Ziffidh CA & —Keipied 5, KIZ, CZTS Zfkdh CA & ZnS ¥
R, SnS ¥R Z FEH) T30 SRR S T 5, 2D L&, CZTS ik CA D EPMA IZ Xk 541
AT HTRE S & TS, IRA 1R D CZTS+ZnS+SnS #y AFUEHH AR LR DS, @i Ak kb =8 (Cul(Zn+Sn)
tr=0.66, Zn/Sn kr=1.17, S/Metal t£=1.00) (ZUTfH4 5 K 9 ZnS B REB L O'SnS My RKDiEAS =
ZatH 95, 2D CZTS+ZnS+SnS My Kkt 2K PA L35, D%, XL v A AB X
W7 VA Z O CHBRRICER R U, A5 (N 1.27em, 4% 1.78cm) (CHEZEE]
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AT 5, 2D L X HHIEITH 2x10° Torr £ THER L7, EBRIFZHEH L, B A L7 E% 500
°C O Ec R BEREIREE TH L R BERE U, MLk L RFHEE CZTS ik ¥ — 7~ b TA Z{ERL L 7=,
FLRCHE 2L 2 BT ZnS & SnS ¥y RITN 2 S My R Z ¥R L 7= CZTS+ZnS+SnS+S Kk
EtO¥R PB (Cu/(Zn+Sn)kk=0.82, Zn/Sn tt=1.22, S/Metal }t=1.53) Z{E® L7-, ¥k PB %
7= CZTS & % — 7~ MEROEBIE Y, CZTS ZiEim 2 —7 v F TA Z/Ef4 2% & [F)
RO FNETHEMABM L, B2 AZ1T > 70, BEfsRFIC I 1T D/t T &2 B I3 572 CZTS
ZhEmm Ay —7 v b TA {ERIEFOBERSIRFE X 0 BERRE 2 K< BB L, 400 °C Dk i BERE IR
TH TR OBERE 2179 Z & T, FAULERGRTE CZTS ki ¥ — 7 v N TB #/ER L 7=,

2.2 CZTS o (R

FHRK EE R0 CZTS i Z — 47 v P& AW T, PLD ¥EIC L 5 CZTS BEls/ER 2147 - 7,
U TR FEEZ R T,

CZTS L2 —7 v FBI QY =X T4 L HT ABEZET v L 3—NEIZ 3.5cm O
TXAT 5 X ORET D, BZEF v o 3—% 50%x10% Pa LT £ THER L 721%, HAMRIEE % 500
CIZRET S, 7L AL —HF—[INd:YAG L —HF—Z L, BZEF v L —HldHDHAIE
LU RA&EBLT, xR —WNE DX —4 hHRLA~EE L2, —V—3E X 0.5 Jem? T
HD, AEREFIT 5 B TH Y, AR IXEMGRE OMEEEZIE L, BRMEIZIT -T2,
CZTS A L7, CZTS Zifkdh ¥ —% v b TA Z T CZTS i FA, Zfbims —~
v N TB # M\ T CZTS #i FB # 2 E U /ERL L 7=,

3. BRBLOELE

3.1 EPMA (Z X 2k irds K O e millE & SEM 148152

Table 1 Atomic percentage and ratios for metallic elements of the bulk CZTS poly-crystals and
thin-films using EPMA measurements.

CZTS samples Cu [at%] Zn [at%] Sn [at%] S [at%] Cu/(Zn+Sn) Zn/Sn S/Metal
CZTS poly-crystal CA 27.20 12.61 10.26 49.92 1.19 1.28 1.00
CB 22.37 11.21 11.13 55.29 1.00 1.01 1.24
CZTS target TA 22.60 13.69 12.34 50.86 0.85 1.07 1.04
TB 21.23 13.74 11.65 53.39 0.84 1.18 1.15
. FA 25.00 14.23 13.83 46.94 0.89 1.03 0.88
CZTS thin-film FB 29.40 13.47 9.92 47.20 1.26 1.36 0.89

FA Cross-section
Surface

Film thickness:0.3 pm

Cross-section

Film thickness: 0. 5pm

30 p

PR Hi gh
Atomic concentration  (a. u.)

Fig. 1 EPMA mappings of element distribution of (TA, Fig. 2 Surface and cross-section of
TB) CZTS Target, and (FA, FB) CZTS thin-film. CZTS thin-films.
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] :BG, 1:SnS, 1:Unknown Table 1 c:ﬁ_:‘@ L7- CZTS g%%&”“b“/
N DR TG R 27T, CZTS St ¥ —

CuZZHSHS4 7w b TA L TB O E=R1% Cu-poor,
Zn-rich, S-rich OFALEEERZ R Uiz, fcdifl
IR E AT D CZTS MFEER M L= &

—7y NOMARKEEZH L TWD, Fig. 112
CZTS ZitdhZ — 7 v M Ofp i~ v v
V7 MER R AR, CZTS ity —7 v
FTATIE, BHE~YA 78 A— LA XD
{ﬁﬁ%nit#q’?%ﬁ(ﬁum L/VCI/\ —ji—(

SR w CZTS ZfEdms—7 > h TB 7‘51ﬁ$ﬁ
JC‘PDS #00:0260575! | B/ mUREOKRE é“(%é &b
P o iKesterl‘(eUa‘.Zn‘br1‘:;.': 071-:0 rFo7T3 7‘3\/7\]___&__@{%*}?%%
ol Iz. ] TeczTssEm =Yy FTA L, —HT
20 40 60 30 R A — VORI DR S TR, &

D Backycund of Ihc X l‘il\' dlfﬁ*lcmon dcwcc

Log(Intensity) (arb. unit)

20 (degree) WHLRRE) —PEAE 35 CZTS Zfteh s — 7~
Fig. 3 XRD patterns of CZTS thin-films. v b TB OFERUZARED LTz, S 2 —47 v

k DAL —PEDEDS, CZTS HIEIZ § 72
LI HELZRGET 57280, ER L7 CZTS £k ¥ —7 ~ &M L, PLD 15T CZTS j#fi
ERLL T,

Figure 1 IZ/ERE L 72 CZTS MDA TS A9, CZTS R FA TiE, fERIZHW-
CZTS Lt # —4 v + TA O & Cul(Zn+Sn)kL, Zn/Sn EENIABIL TW 5, — T
JEVESRLC X - T S/Metal LL DI 23E LV, CZTS MK FB Tik, {ERUCH V= CZTS Lkt
X —/ > N TB &l LC, Cul(Zn+Sn)kk, Zn/Sn kb, S/Metal b DAL 3" 23 2RAGIZ K& W
ZEMbotz, CZTS it 2 —47 v b & CZTS #iKD Zn mREFHMITE W2 L0,
CZTS ZiEfh&# —7 >~ h® Cu, Sn, S LR ZHIET L, 1ERGMOREEEZFT > T B
N D, Fig. 112 CZTS ML m O/ fi~ v v /M*S'r%%:r@“ fRHT 2 RS S LTz
CZTS Zitidh % — 47 v b TA Z AW TIERL L 7= CZTS i FA TiX, RBHRmEIcT kKo
AT R ST\ b, — 5T, M —Eo By, CZTS &M% —% ~ h TB &
THERLL 72 CZTS % FB (2B W Cix, BN o2 ST 6T, & ofmu\n'ﬁﬁlzifj
—MEG LT =7y NOERUCERS LTe, #—77 > N ORMBE) —MED EIRE O/ —

CZTS:329 - 349¢m’! Sn$:179 - 199¢m’! | Hexagonal Cu, S
Ty - _ = l } l Orthorhombic SnS
{' Cubic /nS
l' I' i Cubic Cu,SnS,
Tetragonal Cu,5nS,
Cu,/nSnS 4
p— 532nm
‘é‘ 7.5mW
= 300K
..E' FA (A]l mdppmb area)
(4]
e
= :: s
= i :
gz i / : :
S| i
= P //“J : \1"]3 {AI] mapping area)
_ . B e | e N
=PSRN 100 200 300 400 500 600 700
10 Raman Shift (cm™)

Fig. 4 Raman mapping spectra of CZTS  Fig. 5 Raman spectrum of CZTS thin-filmsf?,
thin films.
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B LCEBY, EiE CZTS MIEOERICB W TEHERER THD Z El¥bhoTz,

Figure 2 (2 CZTS D & Wik SEM % 4 7~3, CZTS #ifiE FA ORI K/ Mg~ Th
DT ENOND,— T THRLERL DI KR EX R IENGFIEL T\ 5, CZTS M FB O Fm _Fi2lT,
Ll RORE DR F- SRR T X 5, MR OHTIC & » THEER S 7=, CZTS i FA £l OfFHT &
SEM 4120 ko THERENT=TF / hi1-57% CZTS ORIME TH 5 AlREMENH 5 729,
XRD HIEER LT~ MBI L » CRHMli 21T - 72,

32 XRD HIiER LT ~ 43 HHEIZ K 2 AR E O fiftT

Figure 3 (2 CZTS #iflEio> XRD HIERE R A ~d, CZTS i FA @ XRD HliEIZIVNT, SnS
(AT DRI SF — a2l LTz, —J5C, CZTS M FB O/ "% — > T, HlEEE
FLIR 3 L ORMERR DA/ % — U S S 37228 SnS 7 & BARE OFF IR ST
v,

Figure 4 |2 CZTS ¥l D 7 < 43 tik~ v B THEDRER Z R~ T, ~ > B KT HakE
R LI, BB LAY MUIED T < A7 MV PHERIENRRKE N LD,
T ERENL NN Z & 2R LTV 5D, £72 Fig. 5(CHIEMER (20x20 ym) O~ v B2 7 A
A7 MVEFEE LB L-, HIE OSSR, CZTS(339cm™) [3, 4]%& H.0MT, 239-439cm™t o> CZTS
A7 VR, SnS(189cm ) & FHULMT, 179-199cmt @D SnS A7 R VAN A CZTS 5 FA
FICHFEEL TS Z & MR LTz, £72Fig. 51k L7- CZTS MK FA o= U 7TFEHE A7 |
ILED, SNS DT~ AR MVHBHERIINTWD, CZTSHERFB RED T~~~y BT
HIE TIE, SNS DALY FVITHER ST, CZTS DT~ A7 hLHSHIE FEIR N C K ECHY
Bl SN2 Lnn, CZTS B—HRICHERE L T D Z &b o 7o, FHAR AR IE OfE R &
[FRRIZ, MR —MED BAF7 2 —7y FOEREEHIZ L - T, CZTS Wil /ERRy o AR E
HERREIIHIT D Z LN ARETH D,

4. FEE

ZnS, SnS, S My R A b EamAil Ak CZTS Ziffidn & FRICIRE L, MBULERZFMIE L 7= CZTS ¥
Kaw 2 FEHE Lz, £Dk, CZTS Mik%x B DBk Ttk L, CZTS Zikdh ¥ —
7y NEERLUT-, fERLL 72 CZTS 48 % — 4~ % EPMA TSI L, iHliZ1T-7-
LA, SHIREIMA THEGRE ATV, 400 °C OBERSIRE CTIERL L 7= CZTS Likih ¥ — 7
v b TB O~y V7T, 2704 —F—TORIPHERINRNoT-, KoTEW
KRR — M2+ % CZTS Sfah % —4 ~ FOERLCIh L=, D%, ERLL7- CZTS %
fEEm X —7 v FEHWTPLD I L Y CZTS #E A (ERL L 7=, EPMA (2 X BT Dt 3,
FRRY—PED @ CZTS St ¥ —47 v F TB Z# W CER L7= CZTS #IEFB 1X, ~( 7 1
FEIL COMmMAT AR ST, XRDBIE E 7~ U IERIEDORE R LY, SnS 7e & O EBWmE
DIFEFHER SN TR, BWHRE —ME2E9 2 CZTS ¥ —4~ v b &EMAT5Z & T,
CZTS MfE/ERIF D FARM A AN S, $ARRE— Mo Bif7e, EihE CZTS o /Rl
WY L7z,

HEE
ARAFFE DL, SCRME RIS KA HOAF FE BRI R S B33 (O 25~29 %
No. S1311004) D 32 % 521 F T3k S vz,

BE IR
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SnS KEFBEM D @mBIRILITM T 7oy 7 7 B Bt DGt
Investigation of buffer layer materials
for SnS-based solar cells with high conversion efficiency

ORI BT [ A arsth
T RIEE, RKAMRGE, & EH, MY A Y —, Lk
Faculty of Science and Technology / RIST, Tokyo Univ. of Science
°H. Sumi, A. Okubo, K. Asaka, I. Khatri, and M. Sugiyama
E-mail: optoelec@rs.noda.tus.ac.jp

Abstract The relationship between energy band discontinuity and electrical
properties of p-n heterointerface for tin monosulfide (SnS) based solar cells are
investigated. Typical trap activation energy (Ea) value for Cdo7Zno3S/SnS, and
Mgo.2ZnogO/SnS-based solar cells were higher than the values for CdS/SnS, and
Zno7Snp30/SnS-based solar cells. These experimental result confirmed that an
appropriate band structure and a high quality p-n interface are indispensable for the
realization of high efficiency SnS based solar cells.

1. IXC®HIT

IV-VI;% 2 oAb W 8K CTH 5 SnS 1IT AU BT D250 IE2 1.3 eV TH Y . &
WIER RS (0=10%cm™) 2 L CTWAH[L], L2>L SnS KEGEM O i Z Hh 5 1%
436%IZEE->TWD[2], ZOFREKD 1oL LTI SNS KB/ DNy 7 7 &
ELTCAS BHWHNTWD Z ERZFEITF LD, CdS 1T SNS & DR E T A i &)
056V ERER I VT Lo TEV[Z4]. 2D LREWNR, KB ETE (Vo) D
KRIFRAETOIREIC > TWH EBEZ b D, FxllmE, (B8 AEREOB )
5 SnS KEEEMICHE T 53y 7 7 @M B2 #848 L T X 72 [4,5], AWFETIL, N KA
AT 77 LB XORIE LI KEGEMOREOHE S D CdS 1o Ny 7 7 @ik
IR %,

2. ERFGE

RF ANy ZiEHEHWTY =X T A 55T A(SLG) MU HERE L7 S U Sn 7 L
— W& hifb L SnS #ilEZ sl L7z, WIZ, SnS K EIZ CdixZnkS(x=0,0.3)i% CBD i4
Z AT, Mgo2ZnosO 3 K TY ZnosSnsO (XA X Z LA AW THERE LTz, 1 41L&
T VB X OME T S EOWPEITIE, BB IR HIEEPYS)E v,
F£ 7. ZnO:Alli-Zn0/’~ 7 7 JEISnSIMo/SLG it D KI5 a2 50 E L, B K BT
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Q-VHIE, BRALFA v E—X  AEIS)IEEIT- T,
3. EBRFERRUEL
3.1 Ny 7 7 BOEWD SnS KFEMO B LVIREEICE X 5B

Fig.l IZ8 Ny 7 7 @& v T2 SnS KGO -V #ERZRT W T oy 7 7 )&
EHWEBAETYH, HEEEREENTIZE-ETHDLDITH L, Vo IF CdS &3y
7 7 BIZHWY 7 v o 011V I~ T, CdorZnosS 38 LT MgZnO & W=
TF 016V ERE LD T MRS, —., ZnSn0 &N 7 7 BIZ W=
YT ID Vo I£ 0.06V & CAS ITHART/INE otz —MRIIIZ, Voo ld p-n Frid /3
R AR B RS — M, R KMa7e EORBEEZIT D, AT, HERKT-(FFIX A
Wy ZRE LT ANy 7 7 BB W TR R 58 54, CBD & THUE L /-
Cd1xZnS Tl FF @B Z 7R Lz, ZhUE, ANy ZRRIERE D 75 X< & A
— UMW p-n R KA LT Z & T,
WHHRFL(Rsn) MK T L7z 7o 72 &5 2

1 :
HiLH, :@%%75‘%\ /‘\“/77)%@@ 58\' CdS/S fons
\ ‘ \ ‘ < 8= A nS
W AR T HE DS SnS K EE L oD 2 VR E, 5 ‘A\:\‘l = Zn0.7snO.SO/SSnSS

> Y = S— = > ] LL / n
1252 BT SN CHE ST, =,  Txy.
3 w AQ
32 SnS RBEMICIT S RT § L
2F ] A
FA A NORKRE = \ A,
. . _ 0
Fig.2 |2 SnS KEGEMICEIT 57 7 > ﬁ'ﬁ \'\_ \
SEY Yy — SN ~ N =] _2 L . et
MRy FRIZRT, N2 FARER &I, 0 0.05"0.00" 005 0" 0.15 0.20

VOLTAGE [1\/0]
PYS HIEEN BNy 7 7 EISnS DlE

SR E B E(AE) E AAED . AEy B IO Fig.1 Typical J-V characteristics of the
BIEDN R v F(Eg D> HIAREHR SnS based solar cells using several buffer

At EAE)Z B Lz, KL v, layers, such as Cdo.7Zno.3S, Mgo.2Zno:sO,
CdS/SnS # L Tf Cdo7ZnosS/SnS 1TZ 2 Zno.7Sno30, and conventional CdS.

AU TYPE-I A 1E 7> DA AN fgd 1 )3 A= A

-05eV.-0.2eV k72 % = L iR S, ABS ou, oy o

— J5 T . Znp1Sne30/SnS B L O 136V —1 sev P .

Mgo.2ZnosO/SNS | X% 1LE 4L TYPE-I #i& | —

. . . 2.8eV 3.6eV 3.4eV
DARE AT A E e 7 53+0.2eV, +0.4eV & 72 € 2.4eV

- > = SN N e AE, = AE, = AE, = AE, =
-0.5eV L7 5. K& 7 U 7B sns sns —snS SnsS

Cds Zny,Sn, 50

SNDHZENBIEANETFITXT D FEEE
E720 . Voo DIKTFEAELDZ ENEZ Fig.2 Schematic band diagrams
5N B[6], — T, &R A E N for SnS and various buffer layers.
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-0.2eV UL EDOSE, /hsnr U 7L<

EASA 7 ETR L. Voo A X R EF "0 (om0 satov] e
REBARNEEZ BNB[6], =07, 00 L Cds/sns ]
SnS KEEMIZIB VT, CdorZnoesS, 8 &

/SnS |

04 & /SnS

>
> QO s 0.3 B
W Zno7Sne30., Mgo2ZnogO % /3 7 7 J& 3 0.39[eV]
ELTHWESGS, CdS Znic 7 02 o 35[eV]
L FARTE Voo MBS T & 23 l
HSND, LrLni6, FigliZrnd il %9050 100 150 200 250 300 350
V. ZnosSnos0 Z Ny 7 7 g & L THW TEMPERATURE [K]

TeW 2 TV TIE Voo DR T AMlERE S 41T Fig.3. Relationship of Voc and temperatures
VDo BADLIDHA L LT, ZnosSnosO  of sps-hased solar cells with various buffer
HWEIXTEL T 7 ATHDHT-HIT, pn
RENCZ < ORIEZE L, SRS
MWELSELTEEHENENS, 20D, N RT T4 A NUSOBLENG & FHE %
1TV, Voo OFIFRER Z B H0MZ T 2 M E R H D EF X D,
3.3 p-n REITBIT B Voo DHIFRER

Fig3 IZ& Ry 77 EE Ve & & D Vo DIREKFIEE T, EBREL VRO
ZAME L, p-n REEESICB T A2EE bRV —(Ba)Z 8 L7Z[7] & 2 A,
CdS/SnS % Ea=0.39%eV, Cdo7ZnosS /SnS (X Ea=0.51eV, Znoe7Sno30/SnS I Ea=0.35eV,
Mgo2ZnosO/SnS 1% Ea=0.54eV & RS Hivlc, &ML R AT =DV, p-n ft
HIZBWTEZL OXF Y UTHEENELAZ ENAOLNTEY, Fig2 b,
CAS/SnS 1T K& 727 ) VIEEEA T T 272012 p-n RE TCOFEEN L AL TS
EHERIR S, [RERIC, Fig.3 12”7 Y | ZnosSnos0/SnS i Cx v U 7 B &1 %
<AL TWATEHIT ZnosSnes0/SnS @
Voo BMEL 72072 Z & B HER KD, —
J T . CdosZmesS ISnS B K O 107 °
Mgo.2Zno.sO/SNS 1 Ea 73 FLEZAY v Vil &

layers.

RLTED ., BRIV KRS & & bl '
EHTDH I EITINA T, Zno7Snes0 D K 105 L y
IIRT E|INT 7 ATl < Sk db R
ThHZLEBERLTVWSEEZ DN 10

B, LA LA E, CdosZnesS/sns %7 &

V7 %2R T 572, Mgo2ZnosO/SnS D
Ea LY LI 22h 2 EAHERI LT Fig.4 Typical values of 7 for the SnS
77, L2 L. £ 51T CIGS K EMIC based solar cells using various buffer
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BWC, DX VT OTA4 T7X2A4 L()DREWEE, 02V EEDZ ) 7 ThiuE
Voo [ZME T LRV EHRE L TWA[6l, 20720, p-n REDF ¥ U T OIRDFEUMTOU
TOREEIT ST, Figd 23y 7 7 EDOEWH p-n EOX ¥ U 7 DIRLTENZE %
DEBIZOWTRT, AEIZBNT, BT A 72 A L(t)E WO FEELZHNTWNS
B, ZHIAEF Y U T p-n FaEBE T ORME ERSNA TR, KRS PL
MOERDDTATHALERT LI REELZEZ BTV D, B HER SITmED
HxOwEESZIZLTWBHI8], Figd LY. CdorZnesS /3Ny 7 7 EIZHW=5E.
Zno.7Snp30 X° Mgo2ZnosO Z W7z 7 L0 @D o j BB TWD Z & D5l
k2, ZO/RELD, -028V DT Y 7 %I T 5 CdorZnosS & HWTZHAETH 7 A
TEALDBRENI END p-n FEOF ¥ U T HEEE DI S 7o 72 oI gy E v
Voo RO EHERIESND, ZADLDORIERRELD . — K2y 7 7 BMEITH
% CdS & i L T, Cdo7ZnosS K> Mgo.2Znos0 % HWN 5 Z & TEV Voo D SNS KGR
DELIND Z LRSI,

4. K&

Rz 728y 7 7 @B T2 SnS KEG R L A4 7 F L 72 /5 55, CBD- CdosZnosS 3
KX ORIy Z-Mgo2ZnesO &= W =% 7L CCdS Z AW 7L L0 s ENT-E
VRS BTz, Z OFEEIL, CdS/ISnS DK &x727 1) 7 L ik L T, Cdo.7Zne3S/SnS
T/NE727 U 7, Mgo2ZnosO/SnS TA/SA 7 L7 D Z &b HEAETOFEEE O
ERDERENIER SN Do T IE e ZE X bivD, ZILHLORERN G, SnS KI5E
M ODLEHARN R I Vo IED B LD Z LR ENT,

B
ABFFE D — E I AR B RS2 AR R FEHEE . K O B FEle R FE
BARFFE S OB & 52 1 7z,
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Effect of low pressure annealing on SnS thin films grown by sulfurization

EA N, BRIEE, RKAGREE, B MU A Y —, e
FORBERLR S B/ et
Keisuke Asaka, Hiroki Sumi, Atsushi Okubo, Ishwor Khatri, Mutsumi, Sugiyama
Faculty of Science and Technology/Research Institute for Science and Technology,
Tokyo University of Science

Abstract  The effect of low pressure annealing on SnS thin films and solar cells
grown by sulfurization was investigated to prevent the formation of extra phases. The
SnS thin film grown by sulfurization is annealed in a vaccum. XRD and Raman
measurement showed that this SnS thin film was without the formation of extra
phases such as SnS2 or SnaSs.

1. IZICHIZ

IV-VI % 2 et B8R TH D SnS 1TV ERIREC#E L 723 R¥ vy v 7%
HLTWSZ B HEROKBEEMOXRIUEH OO E DL L THIfFELTwn
5[1), & 2 CTHRAIZTEMNCERNOEER KT A4 7ot X Th HHLIEOHRT 21T
S>T&E[2], Lo, WifbiEZ VTRl L72 SnS KB EM DI EN LRI O A T
WHDONBRTH B3], TDFRKDOE DL LT, Hifkikz AW 5ae, MERmic
S NEENCHIE SN D Z & Ty SeSs 22 EORANTERL I NS0T W2 ERETHN D,
—7J5. Sn-S RO LV, HZEF T S BEITY SnS HARDEFNE D A B fEiEk A
RENWZERHESNTND[4], £ 2 TARFETIE, IKEZEHOT =— VLR E
L 72 SnS ERIZ 5 2 DREIZHOWTHRE L2,

2. EBRF5E

RF A 3w ZIEIZ LY Mol Y — % T A 5 F7 T A(SLG) T Sn % 200nm F2EEHERS L Sn
TLA—%E L, £0%, EmREZME LS S8, SnS Z kiR L7z, mifkseft
IXIER 70 43, RJE 300°C L L7z, £k, fitdk L TR L7z SnS il 4 KAUEH &
FIEEZZGT T =— Va2 LT-, 7 =— LSRIXRER] 50 45, 1EE 420~480°C & 24b
SE, FFONTEEEHISOWT XRD fIE, SEM B, 7~ tillEz T -7,

3. MEBIUVOEE

31 T=—NVEROESABREHEERIZE X5
-2

KEZEHT =— Ui & L7z SnS
BED BRI ICE 2 DR EETHE LI,
Fig.l |Z7 =— VI EJJDOH/2 % SnS D
XRD RF — Rt RAEFTT =—1
AT o7 & EIFXEA D SnaSs D B — 7 D3RR
SNz, = IRBEERTT =— fToTz b t , . . , ]
FEMOBRIHR S T, 2huE Y 0 e 0
JENPEWZ 12k - T, SnS L A&RKEN )
KEWVWEMENZEB LB H5]5],

SnS A+
Sn.S.

MWWJ=

XRD INTENSITY [arb. units]

Fig.1 Typical XRD pattern of SnS films
as a function of annealing pressure.
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32 BREZEHFOT =—VIRENEHICIE X
3y-2

REZEFOT =— VRENREIZE 25
WL BRI 5, Fig2 (&, BARDEETT
=—/ L7 SnS RO T~ AT MLk
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Influence of annealing in hydrogen sulfide atmosphere of the Cu-Ag-Sn thin films

Mz b st Rt Bz 2 Sk HE S T E in RS, gk Tt
1 #Sm R, 2. el BE,3. R, 4. a)IlmE 6. Faskilm R

Koki Tanoue!, Hideaki Araki?, Shigeyuki Nakamura®
Satoru Seto?, Toshiyuki Yamaguchi®, Yoji Akakil
1. NIT, Miyakonojo College, 2. NIT, Tsuyama College, 3. NIT, Nagaoka College,
4. NIT, Ishikawa College, 5. NIT, Wakayama College,

Abstract  We fabricated the Cu-Ag-Sn-S thin films by depositing the
Cu-Ag-Sn precursor by vacuum evaporation method and sulfurizing it in
H,S atmosphere. By heat treatment at 350°C, peaks attributable to
AgsSnSe crystal and AgsSnsSg crystal were observed. By increasing the
heat treatment temperature, only AgsSnSe crystals were obtained.
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Fig. 8 SEM Images and EDS composition mapping of cross section of surface of Cu-Ag-Sn-S
thin films.
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Influence of the substrate temperature at Cu-Sn precursor preparation for the Cu,SnS; films
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Konosuke Hatakeda', Hideaki Arakiz, Shigeyuki Nakamura3,
Satoru Seto’, Toshiyuki Yamaguchi’, Yoji Akaki'
INIT, Miyakonojo Coll., ZNIT, Nagaoka Coll., 3NIT, Tsuyama Coll.,
4NIT, Ishikawa Coll., °NIT, Wakayama Coll.

Abstract  Effects of substrate temperature for the deposited Cu,SnS; thin films
using vacuum evaporation method ware investigated. The diffraction peak
attributable to the monoclinic Cu,SnS; crystal was obtained at any substrate
temperature. It is estimated that the band gap of thin films is 0.94-1.03eV. The voids

in the thin films decrease as the substrate temperature increases.
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Effect of sulfurization of SnS / Ag / glass precursor
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Satoru Seto?, Toshiyuki Yamaguchi®, Yoji Akakil
1. NIT Miyakonojyo college 2. NIT Nagaoka college 3. NIT Tsuyama college
4. NIT Ishikawa college 5. NIT Wakayama college

Abstract Ag and SnS were sequentially vapor-deposited on a glass
substrate by a vacuum deposition method and heat-treated at 350 to
500°C for 1 hour in an H>S atmosphere. From the XRD pattern,
diffraction peaks of SnS crystal for precursor film, Ag.S crystal for the
thin films annealed at 350 to 400°C, and AgsSnSe crystal for the thin
films annealed at 400 to 500°C could be confirmed.
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(3) L. Y. Yehet. al., J. Power. Sources, 275, 756 (2015).

(4) Louise S. P et al., Chem. Mater, 11, 1796 (1999).
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Fabrication of SnS Thin Films by sol-gel method
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Abstract  The SnS films were deposited on soda-lime glass substrate
by sol-gel method. We have also confirmed that the thin films have a SnS
structure after annealing in N2 at 300 °C. From the results of XPS
measurements, it is found that Sn state is Sn’" and Sn*" in the films. In
addition, XPS data show desorption of S atoms from the surface during
annealing in vacuum. We have obtained the bandgap energy of 1.2 eV for
the films annealed in N> and air atmosphere.

1. IZIT®HIZ

fiifb A X (SnS) WL 1.3eV O KXy v 72RO p MEERTH Y | EV ok
W ER SR 2 FFo— 5, MEb 2 A R MR BEEH MR CH D 2 LB KEGEM A~ H
NHIRE STV D D, HERE 7 B HhRIT 25%00 < & D08, FEBRIIITIT 4%FEE D28
BUNR U HE SN TWARW Y, 2/ E T SnS MIRITEZEREE YRR/ Ny ZiE )
AT V=B RE O, VA L——HEREE D7 EIC K A ERIAHE STV D, L
MUK R N CEERFETHA Y AFNIEIC LD SnS IO VERLISR A1 2/ 72
O, ZZTAWFIETIX, YT NIEIC LY BT 2 FER E~D SnS KD MERLEA: D
P e FOREERRE &SRR ORI A B Z e o T,

2. EBRFE

VT IARIZ LD BT AHMR EIZ SnS A HERE L7-, A ADJEEE L CHE LA
X ZKF, WMEOEELE L TCTFAIREEZ W, WEIZIE2 A o= ) —L
AW, BEAE L TE/ =X ) —NT I 2N, WRE T T AERICAE 2
—7 4 7L 300°C THERK T 5 TFEZ 10 B}V IR L7z, Z D%k, 300 °C O#iH TR
ROHFHKRTT ==/ LT, ZHAKIIKRR, £F, B2, MEO4FEETH D,

VERL U 7230 OSSR IS XA (XRD) . 7~ U AL ik, A E -8
85 (SEM) TiHli L7z, F£7o. NFRFRREIZ D YOLERHC LV FHm L7,

3. BRBLUOBR
3.1 HEERE
Fig. 1 IZZNENDOESLESA: CrERL L 72306t XRD HIE DfEH % 7~9, XRD /¢

Z—=rnb, A a—7 4 7L DHERER OB 51X SnS (040) & SnS (111)D
[T — 2 7217 T/ < 7 i — K72 SnSz (00D v — 7 Bl S iz, D=8,
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BEHFIZIE SnS 721 TR MED SnS, fiE &t Z bbb, — 7, HERERICEZE
RKEFE LOEHZFRH K CEULEL L 7230BHE SnS (040) & SnS (111D B — 27 O FHM
BR =Tz, L, BEZER & RKH TEULEE L 7230 Tl SnS ORI B — 7 1AL &
HELTEBY, ZAUIREENOREN KT EBFRREBZ 2 NS, Lo, #ik
TR CELFL U726 D1 SnS, (001) DV — 7 BN bz, £7-. EHREHR TEL
WFL L7381, vy —772SnS D=7 OZ3 %Y . SnS HFHDIK L 72> T 5 =
ENDOMND, —H T, MEFRMR TR L7-EHT SnS; DB — 27 3§ 7o TH
0. ZHTBEREIRREOHBICEI Db EEZLND, INLOMENS, FAIRE
IR & L TY VT NET SnS Z/ER3 25 1TiE, EHBEFHK T TOELEN v 2
ENROND, Fig 2 IZT7~ U3 tOfERERT, 3l4nm LD — 271X SnS 1285
DTHD, XRD DOFER & FIKEICEE R FIHR CTEULEE L 730822 5 1% SnSy DIFEN B
iRy g WA TAN

BIRPARUT IS T 300 B2, 1 IR CRMLER L 72 30BHZ DT, Sn3d,S2p,Cl1s,0 Is
DEHPHT XPS MEE B Z 72 oTc, Ar A F =y F U 72 L HRMmMUBERTIX, C 1s
NHIEC-C (284.6eV) 23, O1s 22513 Sn-O-Sn Ff& (530.2¢V) & C=0 #EA (531.3
eV) DMElESNTZ, 5oy F 7zl C L C=0fAnr—7 NHkLz
ZEND CEHEFR TR REFNODOERICE LD LW LT, £z, B4 T
BB L7-3EHE S By T o 7 Lzt & L 10 Py F o7 Lz & DD
BEOBRIANHY 10 By F o 7 LI EDHTBRHREOEEENSZ N L &R
L7, Zhit, BEhCEULEET A - LIck ) . FisEAEIEOER N OHKIT S 2 Ln
BHRLTWD, Fig 31210 ll=yF 7 Lic& 2D XPS OfER %79, Sn3dsp D
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Fig. 1 Transmittance spectrum of (a) as- Fig. 2 Raman spectrum of samples
deposited sample, sample annealed in (b) annealed using various conditions.
vacuum, (c) Air, (d) nitrogen, and (e) sulfur

atmosphere.
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Fig. 3 XPS spectrum of (a) Sn 3d5/2, (b) S 2p, (c) O 1s after Ar ion etching for 10 sec.
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AT R —TBVLEF O FIHRIC L 5T 486.3eV TH-o7-, Sn*'& Sn¥ o' —
JIEENTIL485.6eV & 486.4eV EHESINTND Y, 3d52 2T o7 CTHEET
HZ LY, SnS TEOEMEIZIL Sn?t & SnYDOFEENHER SN, D=, Sn*' X
SnS 2@ L. Sn*lE SnOx £7/21E SnS i LA b D EEZ LD, T DFERIZXRD &
T UHELDOT =2 L~ LT\, 728 SnOx IOV CILIE R A 3 i TE T &
D2 E0D BARBIEOEZES ZITTWD EEZLND,

Fig. 4 |22 H# R PHX T 300 °C C 1 IR BB L 72308k D R 1ri SEM BIE/E R A 7~
AN NTA DN ZRRL - DB S T2 DR T 5 2 & 3o h D, Fig. 5 OWrmifl
RGN IR TH D Z ENb1s, BREITK 2um TH 5,

500 nm

100 nm

y R o L
Fig. 4 Surface SEM image of SnS thin film Fig. 5 Cross sectional SEM image of SnS thin
annealed at 300 °C in N> for 1 h. film annealed at 300 °C in N for 1 h.

3.2 JEEReE

RN E DFER A Fig. 6 i~ 7, EHRIFFPHK CEULHE U 7230k 0> 6 13RI
W m 23 B Z LoD, Ll BVLEE L TV a0kl & BEzef CEVLEE L 723K
BHE, IS EREIE I ISR B S 7=, Fig. 7 126 RV —hviZxd 5 (ahv)? &
(hV)SD 7T 7 %R, Flo. 2T T IN6ELNTZN RE¥y v 7% Table 1 IT
F LT, HFEK L B2 THULEE L7 B O HEER N RX v » 703 2.0eV T
B, ZONR REX Y v FIEP O SnSs ML= D EEZBND, —FH, KK
CEBFMRCTEVLE LB ClX 12eV &2 o7, ZOfEIZ SnS DX RX v v
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2.0x10° ™ 250
Rl |
i 15x10° A 200 + i
Sx107F | I‘ Air / /
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Iy Y "Jﬁ.]
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Fig. 6 Transmittance spectrum of (a) as- Fig. 7 (ahv)? and (ahv)®® versus hv
deposited sample, annealed in (b) vacuum, plots.
(c) Air, and (d) nitrogen atmosphere.
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Table 1 Estimated bandgap of the thin films

(ahv)? (ahv)®3
As-depo. 3.0eV 2.1eV
Vacuum 3.0eV 2.0eV
Air 24¢eV 1.2 eV
Nitrogen 24¢eV 1.2eV

TLERERILTHY, XRDBL O T~ ofERE—E LTS

4. FER

VIV NARIZ K D SnS DVERLSAE DR & | %@%E%%ﬁ%i@%%%%@%ﬁ
fli L7=, SnS A HEFEL ., ARBEK A SEHE, KK, B2, MEOKFFAK TE Z78-
o2 A, BEFMKCARBER LIZRAEHT SnS b DY ¥ —7 72 XRD B'— 7 ZR L
720 SEM BIZE DR, BUIBE TH VD LI PH TH D Z b ho Tz, BRE LK
FENGFHBE LAY Ry v FIEREEERICB N T 12eV THOVHEINTND
BEAIOfE & —F L7z,

BE IR

1) M. Devika, K.T. Ramakrishna Reddy, N. Koteeswara Reddy, K. Ramesh, R. Ganesan, E.S.R.
Gopal, and K.R. Gunasekhar, J. Appl. Phys. 100 (2006) 023518.

2) G.H.Yue, E.L. Peng, P.X. Yan, L.S. Wang, W. Wang, and X.H. Luo, J. Alloy and Compounds
468 (2009) 254.

3) P. Sinsermsuksakul, L. Sun, S.W. Lee, H.H. Park, S.B. Kim, C. Yang and R.G. Gordon,
Advanced Energy and Materials 4 (2014) 1400496.

4) Biswajit Ghosh, Rupanjali Bhattacharjee, Pushan Banerjee, and Subrata Das, Applied
Surface Science 257 (2011) 3670.

5) K. Hartman, J.L. Johnson, M.I. Bertoni, D. Recht, M.J. Aziz, M.A. Scarpulla, T. Buonassisi,
Thin Solid Films 519 (2011) 7421.

6) N. Koteswara Reddy and K.T. Ramakrishna Reddy, Thin Solid Films 325 (1998) 4.

7) J. Vidal, S. Lany, M. d’Avezac, A. Zunger, A. Zakutayev, J. Francis, and J. Tate , Appl.
Phys. Lett. 100 (2012) 032104.

8) C.-C. Huang, Y.-J. Lin, C.-Y. Chuang, C.-J. Liu, Y.-W. Yang , L. Alloys Compounds 553
(2013) 208.
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BZEZERIZ X D ZnO/SnS pn #& D/ERL

Fabrication of ZnO/SnS pn junction by evaporation method

O Et,  OMEfed Y, (LR Sefek 2, RuEtE sl 2, KEisesk b
LI T mBEHIL ANE LR B0
b TR bR TER PRS2 Z —
M. Shiroural, M. Kato!, M. Yamane?, N. Ohtsu?, H. Oomae!
!Department of Creative Engineering, National Institute of Technology, Kushiro College
2Instrumental Analysis Center, Kitami Institute of Technology
“oomae@Kkushiro-ct.ac.jp

Abstract  SnS thin films have been prepared by vacuum deposition and
sulfurization process. Atomic content of SnS films was almost
stoichiometry by sulfurization at 300 °C for 60 min. Also, ZnO:Al thin
film have been prepared by vacuum deposition and annealing in Air. Then,
high transmittance and low electrical resistivity was obtained after
annealing in air at 260 °C for 45 min. We fabricated n-ZnO:Al / p-SnS on
FTO/SLG substrate by these methods and measured electrical property
diode made. As a result, diode characteristic was obtained with a threshold
voltage of 0.5 V.

1. IL®IZ

WA, Bric 7 KIGEHOMEE L THi{EA X (SnS) 23{EH STV 5, SnS X2
TEMENZR < KEGEM & L COMGREINFIL 25% L, ETH L7720, IO K
& LTSRS LTV B[], LA L, BIERS SN TV A EBRIIHRETD 4%
RETHY, HIRORMBH D [1], SnS HIKOIER G IRITE 2 & 503, AL T,
fEEZ2 HiE L U CHELERBFICL Y BT AR EIC Sn HIKEZKE L, Z0%k, EIRE
LN CHE DO R & LB+ 5 Z L T SnS #lE A 155 &b 2 i~ [2]. £7-.
Zn0O HEEIZOWT Y Zn0 #7285 R, KRAT CEMLELT 5 Z & CER L=, £/, 2
oD FHEEZHWT n-ZnO / p-SnS #A HER L ¥ A A — FORIEEIT o 72,

2. EBRFE

FEMRINZIXY —F T A LT T A (SLG) HMa -, Sn OEZEZE L, ERIRE %
200 FEH 5 300 FEOFIPH CTHIGE L, 25K 5 705 60 0B 27270, D%, Z&%E
L 72 Sn/SLG ZHiisg & & HIZEIRESIFIC AT 220, 260, 300 °C DKL TEULER
Uhiifk L7z, ZnO T ZnO ¥R 2725 & U, FEMAREE 2 Hil T I =42 2408 L
Tmo 72720, BT H T AT R — I BEOENZ LD 100 D 130 FEREE £ Tl
BINTWD, Z0OL ZEEEEZHEDLT-DIC, ALOsKIKEZ Al N 1wt%IlZ72 b X i
ZnO MARICIEE T b D E 2GR & LB S ERL Lo, ZnO HIEITAE %, lBREOE
A&t b2 BRI E L TRATPT220 ES 300 EOHIPITHE L=, Fiz, H
287K 515 T ZnO:ALOs (Al = 1wt.%)% SnS [ 12787 L, n-ZnO/ p-SnS ¥ A 4 — K
BAaEER L,

REERFEIL X R PTE (XRD) & AERME FHMESE (SEM) [ X VEHE L7,
R IE = RV — 0 B X B0 J6iE (EDS) CRl<7z, SnS & ZnO HEHOMEPTRIX
PUPESHAIEEE CHIE L7z, £72. ZnO/SnS @ J-V Bt 2 3 = 72 - 7=,
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3. BERBLIUOELE
3.1 BifkEiz K D SnS EiE

Fig. 1 |Z SnS M4 E4 2 & & ORUVIEE OEWIZ KT 2 Wik & i SEM 8
BOFER A RT, HZEARE LT Sn 1T FHARBRIC /A > T KRR L 705
T, BZERE L7z Sn Zhifb9 5 Z & TRAROFELIZ/R D 2 & IR S NT-, 220
J&E & 260 B TITRIA LI R Z W23, 300 FE TITAlDRRI N EE L T D Z ERbh
%o 2D 300 FEDOREIIKIZHER3] & —BT 5,

EDS THAEH & 34T L 7 K55, Fig. 2 (SR X 2 ICHALRFOIREE DS 300 A O &
X ALFEBERO LA, Sn U v FITe D 2 ERNb o T, FALEEE 2 300 29
HZ L TSn & S OMARHIZIE L1 ICR RPN ELNT-. ZOFEHEIT. XRD JIE
OFERE =L TEY ., 220 EORLTIEFILINTIZHE 72 Sn 5 OREIPTE—
7 MBI S TZAN, 260 & 300 FETHIME L72aE» B 13 Sn o B — 7 (3B S s
o7,

Fig. 312, BiAbiR 5T 2RO ZA 2 "4, BALIRE DS 220 FE 0 & S HHTHR
135 110 Qem Th o 7203, 300 £ THiAL T2 Z & TK 70 Qem OIBFL=RB G 517,
BAGIREE 2N @ ME EIPIERITR LS R 2BMA G602 &5, Sn & S DR
1:1 O & ERERRMERDIRL 2D | |WPEEN TR EBZBND, L, RIZE
PrRITE <, Fr U TIRESBHENMEVWEEZZ b5, fattom Eokitz
BIRW, SORLEESUEE BT HERD S,

()

—
Fig. 1 (a-d) Surface and (e-h) cross-sectional SEM images of (a,e) as-deposited Sn/SLG and
SnS/SLG sulfurized at (b,f) 220, (c,g) 260, and (d,h) 300 °C.
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Fig. 2 Composition ratio of Sn and S atoms  Fig. 3 SnS resistivity as a function of
as a function of sulfurization temperature. sulfurization temperature.
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3.2 BEZEREZEICLD Zn0 BIE

Fig. 4 ICEHZEAE L, TOHBRKKHT TT =—/L L7z ZnO:Al #iKD SEM 4 % 7~k
Fig. 4 ()5, KIS TH S Z &5, F7- Fig. 4 (b)OWrE SEM 4>
b, BZEFERICH T AT AR — MO TERIZ36 A & L& EOBEIX 1.5 um
ThHO., ZEL—MI375mmh THDHZ ENbhoiz,

Fig. 5 |2 ZnO DO FE P E ORER Z R 7, FEiWEIL 350nm 2> 5 900 nm D &g
PHCHIE L7, #ED 500nm O & & OFiE#E L i 5 &, 260 F£T 30 40 L1045
BT == L2 XITEBL L S8UREDFBWME LR, 60 T =—L+5Z L
T T0%REDHBRR L 725 Z LN bhoT-, —J7. 220 FET 30 57 =—/L LIz
BrOBIERIT 10%FRE, 60 237 =—/L L7 iB CIEZBilaRIT 25%F)E TH 0 . 50%
R OIRNFZIE R & 72 > 7=, Bouhssira [4] 5 O TIXE 22K L 7= ZnO HEHFER L O
KA T 250 £ TR L 7=k 2 XRD THIET 5 L &JE Zn O ORI E— 7 A3
BHIENDZEERLTWVD,

BZ8785 LT InO \ZIXBE R D7 < | &8 Zn RBEXRKENBZBIREZ TIF TS &
Ezbnb, TLTREHFTT =— 45 2 & THRENFBEFICHAS S, HBRRN M
EL7EEZOND, BEREOMIGIIRE SIEEEIEF L TR Y . SVEE TREFMT
== TAHILETIVEWVEBREEGLHIENTES [4],

ZnO JENEIIZEE % ORE CIXERIZIRN R o T2, ZKER OREH 2 KK H TE
RLFR U 7o S SEEMEZS LD 2 ENbho Tz, BULELEEA 30 43D & & 0.3 Qem

100nm JEOL 20 /22 —

Fig. 4 (a) surface and (b) cross-sectional SEM images of ZnO:Al grown on SL

Omm 1

WD 11

substrate.
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Fig. 5 The transmittance spectra of the ZnO Fig. 6 ZnO resistivity as a function of
films fabricated at different annealing time annealing time.
and temperature.
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ThHolzml, 45550 L %017 Qem T HEHFENMMEL . 60 7512 F 5 & 0.85Qem &
EEPIRICR 5T, 2D L HEVLIRRER L HEBTR O BURIC HEIBHRIT AN 2 &
IRV OYIRVSI

3.3 ZnO:Al/SnS/IFTO D EBR B KEeiE

Fig. 7 12 SnS/FTO & FTO {1 & 7 Z A%
W EIZAERL L 72 ZnO:Al(1wt.%)/SnS @ J-V
Ktk 2 r4, HUINEEIX-2V 225 2V O#:
P47 - 7=, SnS &1L 300 & THifk L TE
L, ZnO:Al(1wt.%)E 1% 260 FEDIRE T
45 SrRIREH CEVLEEd 5 = L TIERIL
72o D=8, SnS/FTO DA Dk 1E
L 72, SnS/FTO TldA— LPED B
NS, PN T QTHho7=, —,
ZnO:Al/SnS/FTO Tid L & WEEJE DK Voltage{V]
0.5V DX A F— NEeA OREFRFFENTF D Fig. 7 Current-voltage characteristic of (a)
Nz, ZOfER XY nflozn0 & p o> SnS/FTO and (b) ZnO/SnS/FTO/SLG.
SnS (2K 2 pn AR SN TND Z &

R ST,

Current density [mAicm 2]

4. FEE

SnS IZBH L CTix. Sn OHLIREEN 300 D & X RIMPIRICEENE ST, £,
220 FELL EC SnS OFfEMmMATE, 300 FETHi{ET D& Sn & SOENKI 1:1 &leoTz,
Sn OFALIEENEWNE E SnS OIRPIRIL TIN5 Z L bR I, L7zn-> T, 300
JET Sn Zhifb 352 LT SnS EIEAHFLZ LN TELZ Enbnolz, — ). ZnO
TEREIX 260 FEOIRE T 45 /3R], KR CEVLELT 25 Z LI LD @B =R & R R
PIREZEOND Z ERHER I, 2D DERMET n-Zn0:Al/p-SnS #1E % FTO/SLG
FAR EICERLL . LEVWEEEDN 0.5V O X A 4 — REEE ST,

BEIHER

1) Takashi Minemoto, The Murata Science Foundation Annual Report 28 (2014) 268.

2) F. Jiang, H. Shen, C. Gao, B. Liu, L. Lin, and Z. Shen, Appl. Surf. Sci. 257 (2011) 4901.

3) K.T.R. Reddy, K. Ramya, G. Sreedevi, T. Shimizu, Y. Murata, and M. Sugiyama, Energy
Procedia 10 (2011) 172.
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Cu,SnS; REEBERFOERIGEER L
Electrical conductivity improved Cu,SnS; thermoelectrics
FUEE ', FREERE’ OhNEZ' WIIRE' SEE®R’
NIT Tsuyama Coll.*, NIT Niihama Coll. %, °Shigeyuki Nakamura®, Hiroyuki Funabiki', Shinya Shiga®

E-mail: nakamura@tsuyama-ct.ac.jp

IXUWHIT CuSnS; (CTS) 1, EE TRl - Bae7ponk Ok S h, fifmiEEosicierNd
DIRNWBRERD - OIZREEICR S LW ER B L L THIff ST 5 [1-3]. Fexid,
ZAVE Tl ks B EAR OGS TR L 7 b ERmii i o CTS & 77 X~ fiEgfk (SPS) LT
CTSEVEFR T AEH L TXx 72, BREEEON EXRRETH -2 [3]. 4R, & mEOM
AR, BICA VP T Lk =0 /452 L TRAMBEROM L2 B L.

EBR oY CuS & SnS, VLT L1 ICEHEL, THIC CuS & In,S; BN L7z e %
450°C & 750°CTEALEA 2 FEENEAL CTS ZA R L7z, CuS 38 LN ISy DiEME A
N EIRITEK LITRT. A ZER 75 um BLFICH#:L, IREE 400°C, /) 40 MPa T7'Z
R~ BEft LTz, BERSRIE OfEMPE & kb2 XRD 3 L OV EDX THIE L7z, B—~X v 7 {55
& ERARERIT ULVAC B T.00 ZEM-3 Z fVy, =25 300°C & Tl % K CTHlE L 7-.

RER 1ITRERE% D XRD N2 — 2 %, 2 TOE—7 MR
HAL R/ IE F e E 713 o CTS I2IRE LT, - D L
Table 1 Ratio of starting materials & sintered pellets and density. ﬁ%t |
5 C

LA i ¢ J A | N
CusS: |n253 3 [ 112 1

CuSn  SIM  In% | glem = 2201204
A | 000:000 | 185  1.06 - 2.92 ® |° }333’ u2e e

B | 004:004 | 190 106 179 | 3.67 x oonzt
C 0.10:0.10 2.08 098  3.47 3.61 A 1,21512 | SBULS 20 s

D 0.40:0.10 2.17 1.06 371 3.40 20 40 60 80
m4rf  20°

Fig.1 XRD patterns
AZEANS B, CDIXIEJ i Cfetkft

ICERURERZ R T R 1 OMARL XS5 &
Y F T In M 2 51F EERURERR Lo TW

DT ENGND. BRBERN ERHIZHONTE—y 104 ‘ ‘

BRI T8> TBY, Y7/ ATIEA0u VIKRERD O\DO\ﬂ\O

I 150-200 u VIK FREEIC 72 7. BEGREAIE 4.850/em’ %) 7 S

UHREEEEDS 60-75% & 46<, SEMIC S BBefktkoiigeT  F10% o 07 e

LEORA FAMARSNTHY, BBARHTHS. s T T

TNEWETDHZ & THAR LR ERRIADD.

SCHR [1] L. Xi, etal. , Phys. Rev. B 86, 155201 (2012). 1026 50 555 200

[2] Qing Tan, et al., J. Alloys and Compounds 672, 558 (2016). HE C

[3] S. Nakamura and H. Funabiki, ICTMC-19, P7-097, 180 (2014). Fig. 2 Electrical conductivity
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AYFEEEEITE D Cu,Sn.,GeS; /3L Y fE RO ESL & FEf
Evaluation of Cu,Sn;.xGexSz Bulk Crystal Synthesized by
Chemical Vapor Transport Method with lodine

PAA Y, SEEUR B, meh Aozt
1. RMEAMFFRY: TPrgeht BRE 7 IH i LK
Yusuke Matsumoto®, Naoya Aihara®, Kunihiko Tanaka®
1. Nagaoka University of Technology, Department of Electrical, Electronics and Information
Engineering

Abstract  Bulk crystals of Cu,Sn;«GesSs, a candidate material for
absorption layer of thin-film solar cells, were grown using chemical
vapor transport with iodine. Resulting crystals had a composition ratio
consistent with the charged ratio. XRD and Raman scattering results
suggested that the crystals are mixed crystal between Cu,SnS3; and
Cu,GeSs.

1. IZU®IC

Cu,Sn;xGe,Ss (CTGS) LM ARS FEHL~ DS H A HIRF 4TV 5 8K 8T, B
15 6.7 %DRENENRE S TWBMN, CTGS 1Z IV B THE DIz LBy ¥
Y v TORBENEE S TBYE LB IV BRI AW 1T 5 78 5%
BEN EICBWTEEERS., YR v—7TCldavEmEEzH T
Cu,SnS3FlI5 J UF CupGeSs #3/L 7 B DRI 7 1 2 i sr L T 5 7200, [RITFIEZ IS
452 & TEMWE T CTGS /L7 sk O VESL 2 3R 7 7-.

2. EBRFIE

CTGS IZHT B LA Ge/lV E x = 0.00, 0.25, 0.50, 0.75, 1.00 & 72 5 X 9 125kt 2R
ALz, WM THDHIVHEOT T IVNIEE (i) 125,20 mglem® ICHHE L. i
Bta BB AN LT v VB EIRESIFN T2EBIINEAT 2 Z L1 X0 fEfkE 217
St BbnEfiTEF 7 e —T~A 707 F T 4% — (EPMA) 2 L5500, 7
~ RGELEL, X AR[EIFT (XRD) (2 X 0 FHl L 7=,

3. FERBIOEE

FEE R R I LS OBl A Figure 1 17, S EIERL L 72+ XTSI
BWTT7 L—27ROFERMHITH L. £72, x=0.25 D 7z BWTIE h7Ro
FEEBDITH L T, x DIREWIEET VI NVORETICHEN L BT Lz, i O
PIZEVEONTREROY A AN/NEL otz ZOREIXCTS BLOCGS vy
HASSRERFF O R L —H L TV 5.
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Figure 1

o ONBIEE

: GellV L x
(mg/em®) 0.00 0.25 0.50 1.00
25
20 ol |
i | IWIMIW

BoNT-Y o T OMEL % Table 112777, Table 1 LV, > 7 VO HIT x
ICBEREL TV D Z ERbhrole. TRTOXICEBW RN RESEB L. 20
7=%, x=0.50, i=15,20,2.25 25, 3.0mg/lcm® DELETH > T2 ERLL, K0 EE
72 3 U RIEERATEORT 24T o 7o, MUBAHHRE $ % Figure 2 13T i OFIC &
V SIMetal teA3 T 2T DA D3E HAVTES, CullV 38 LT Ge/lV B XAREZ i
RIFER R CTE oo 7.

Table 1 CTGS ##& &b DAL/ AT HE

i KK L
(mglcm®)  Cu/lV  Ge/lV  S/Metal
0.00 2.0 205 101 294
0.25 25 230 021 087
2.0 170 027 078
0.50 25 228 053 088
' 2.0 211 048 082
075 25 192 086 067
: 2.0 235 079 101
1.00 25 227 091 282
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Figure 3[4 /3T A — & CTIERL L 7=
YIND T ANRY NVERT. X =
0.25 |23 TIHKI 295, 322, 359, 381 cm™
N CHER R e — 7 Bl S, 3
TOE—Z71Ix230258 K425 2 LI
5cemt EmEEfl o~ 7 F L. ZRb0
v — 7 (L CTGS #MIRIZI T 5 Mt
fleBrLE—HLTnab,

Figure 4 (a) |Z CTGS f&fkd XRD /34
— %Y. CTS (x = 0.00)D i = 2.0
mg/cm®, Z DMt i = 2.5 mg/em® TR ~ e
72k XRD /N2 — 2 Zm LTV 5. 250 300 350 400 450
x = 0.00 TiX Monoclinic Cu,SnS; (PDF Raman shift (cm™)
01-070-6338) (/)@ =41, x = 1.00 Tl Figure3 CTGS D T~ A7 fL
Monoclinic Cu,GeS; (PDF 01-088-0827)

)R B S 4u7-. Figure 4 (b) IR

28~2 T D A A B —271Ex=0.00 & 1.00 DE—Z T 7 k Lz, BRI B —
JIZOWNWTH X DA LV CuSnS; D ICDD 7 — # (2D < NS b7z, 72,
CupSnS; 33 L TN CuGeSz D B — 7 MEIFRFIZERIN TV o Tz, TIHORERNG,
IAFFLAL x = 0.25, 0.50, 0.75 (28 T CuSnSs & Cu,GeSs MR AR L T\ D & %

TW5.
= |Cu,GeS,; ”
| x=0.75 j\
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4, KEE

3 U R L DEED WV IRIERL A H T 5 CTGS 7L 7 sk OVER &2 7=
Ge/lV k. x = 0.00, 0.25, 0.50, 0.75, 1.00 DZAFTHEALARERE LTCRER, Focibih oMM
FRbidB B L F x B L. I URRBEOECIC X 0 HRIIEE) L=, B
i RAEPEI I EEE T X /2 o 72 x = 1.00 & 0.00 @ XRD /3% — 1%, F#LF 4 Monoclinic
Cu,GeS3z 35 L T Monoclinic Cu,SnSz IZ)F )@ &4, A A E— 27 B L OEIR e —7
X X OBALIZHES T 7 M L7=. £72, CusSnS; 1 LY Cu,GeS; D B — 7 MN[albFIz F
TR ZENLIRMNMER-TE TS EEZEXTND.

e
AWFTED —ERIT R MEANFERF: FREBHIREEX D BICEIVITo7ZbDTHS.
I D —EL, RMBANRH R P rEt il o 2 — T T o 72,

BEZ IR
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TEROILE RIS AT L a2 N2 T ~ CBEELETIR, BT IR NETE Loy fiRRe 23
FEOYoRREICHIREND, AU LT, Fy 7T ~ 8Ly YE (TERS) Tik, Z
DR Z B T ) A— b A—Z —DZE M fFRE % R T & %, TERS 3R MR T ~
BXEL (SERS) Bigiz &ERst 2 W THR S ¥ 5, Fhxld, ZoHiEE VT CZTS HiEED
T~ UHEL R T ) A — VBRI TR S T,

ATl PLD(Pulse laser deposition) 52 &V pisE L7z CZTS Wil i TERS A A
=V T ERNT D KUIZAMIC K > THE LIZRERA A=V 7 ThH D, K21%
X 10 CZTS i D4 s A, B, CIZHIF 5 TERSIZL DT
VUANRT MVTHD, RATIECIIS DI~ E—7

(332em™) OBBHI S, A B TiXCuS, (468cm™) DT~
YE— 7 ORI STz, o, S C TIXCZTS & CuS, D
E—7 NSz, 2B, S (520em!) B— 7 1 ARM F
Y TR K DD TH D, M3, 411X TERS IZ XK 5 CZTS
BCS, Ty Bl TO~ v By I A A — Tk,
1D AMIC L DRERICKHE L2 T v~y BV T
IS FU, CZTS FBC FLARIEL CuS, M A T/ Bk G 5 = & M1 ATMISES CATS i

N OREIIRA A—
WD LTz, ”
=
58 8
1400 ———— —
= ! o
€ 1300 ¢ M ! i
:: e e
Ko
S 12000 B A g
= +WMMM~"
2 A
g 1100
£ W .ww

100956 — 300 500

Raman shlft (em?)

2 TERS [CLD#ELOFRDOT < M3 TERSIZLD 327-337cm’? 4 TERSIZX% 464-473cm!

AT RV (CZT v —2 ToO= v s (CuS)t'—27 T~y

[1] T.Yano, et al., Nature Comm. 4, 2592 (2013).
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Oy FRRAZ HAEFARIEIZ K D CdSe / ZnSe B+ K b DIERL L JZ2H)(1D)

Optical properties of CdSe /ZnSe Quantum Dots by alternate supply method II

AR BE *ﬁ Y, kM B, WEE E ORM 551, Al A
R LR R, A D¥EEE 2 mMHE RS, RIS e 0!

Kanji Kubol, Kayo Ryugol, Minoru Yonetal, Satoru Setoz,
Makoto Honda’, Tomoyasu Taniyama4

Okayama Univ. of Sciencel, Isikawa National College of Technology 2’,
Naruto Univ. of Education3’, Tokyo Institute of Technology4
E-mail : s16pmO1kk@ous.jp

JdIL®IC

#%ﬁ-‘%% Ry FELT, BEFAR—TFHREUTORE IZFLEEROF /EmNH L, T

JAEENERTIE, B CIAODRSCY A REGFHEICXLD, B THoTmE O R LF—
M DBERAEC, BB TRHIOBBEBRZEKSEDL ZENTE D, TNETIS, O-VIFELE
WrrEROET Ry e LT, =% ¥ — (MBE)E (2L 5 SK(Stranski-Krastnov) E—
FZFMH L7 CdSe B ET Ny hOMENfTThTEz, — K, BOEKRET Ry M
ERFT DITIIRER ANy 7 7 @R RAIXTH Y, CdSe H M ET Ky M FELDD 720
ZnSe/ GaAs BB FIH STV D, LA L7223 5, Egznse) > Ba(Gans ™ Fo MR 11 PN O 1L EE B — (b0 FEAK [
FEICHWDERA T L0, SERNHEEIC L D &F Ny MNEGH OERIEEZ R AT e 72t
WA E DI T2 72 > TN D, AAFFETIEL MBE HEIZ 31T D 18 E J7 i % 85t L, ZnSe/ GaAs JE 3 &
PHOERE T Ry MCED XD ITEEL 5 2 D)0 & 50, fEeaFRE bR 2 L7,
2. ERFGIE

MBE £ TRl L 7= ZnSe J& % [FIRFALRE T 1 RERI AR L, %@%C®eE% %ﬁ@ﬁﬁmuuw
FICTHERL L7, 1-ALS % Cd 25 8IS 2 10 RPIEIIRS L 721212 Se /3 F# 4 10 B[, 22 HIC
HElTr>HELERT D, GaAs(O0)EFEER L T NARN L —ITEESEDLT2D ;,m&mﬁ
WEMREE 2 45 AeP) Y — b B IREER & Vo TR =B BA AT, A4 3 R)b
BOIR BN CTHEE ZITV, FEMGREE &2 28 L &8 T, ZnSe WA & Y, CdSe HEJERE T K> k
DR ZIT> T2, TD%, IKIR 7 + bV R v A (PL) E° XBREIPHEC TR 21T - 72,
3. REUELE

Figl i, Pt ¥ — F X AFEROLIR BPRerT A HoCd toser - 3250 |
AU NITHEEL, [ URERET i Tan = 350°C
RS L 7= ZnSe 2 v 7 7 JE 7 & DK PL Tn =13.5K
ARY MV ERT, ORI AL S R
T EAL I A S L7 bkl 73O & iR
(R L7 Bl S v, Pt CREE
FELUTHRE LIEABN G ORI A~T
NVEREEDS, &JgA YU ATHEE LT
%@;D%%%<&ofwé F
500nm LA _E O SEEICIRWHERL 22 B D FE G I Wit
EBETH L ifé‘?ﬁif)‘oto A T T T T ]

TlX, ZnSe /N v 7 7 @ OWFFERE R I 2 450 500 350
T, CdSe HEMET Ky koK, Wavelength (om)
o eh R 2 BT 5, Fig.1 PL spectrum of ZnSe buffer layer on GaAs(001) substrate

—476.05nm ]
¥ A
JL With Pt

L r 443.68nm

PL intensity (arb.units)

Yy 476.32nm
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ZnO BDx % U THEEMN NiO/ZnO R ARt &R
KIGEMICE 2 DR
Effect of carrier concentration of ZnO layer
for the visible-light transparent solar cells performance

PEAR &zt £ L hHEEE L ANV A Y — vt BRARE R 2 Lt
1 ARCBRRL T BLLARAE, 2. BAERY: Zouhl
Y. Ohteki!, Z. Wang?!, H. Nakai?, I. Khatri*, S.F. Chichibu?, M. Sugiyama®
1. Tokyo Univ. of Science
2. Tohoku Univ.

Abstract Visible-light transparent solar cells based on heterojunction of
NiO and ZnO layer that absorbs only ultraviolet light were fabricated. The
oxygen vacancy, which is the one of the origin of free carrier of ZnO, becomes a
defect works as a recombination center in ZnO near the pn interface. In this study,
we varied the Ar-Oz gas supply ratio f(O2) [f(O2) = O2/(Ar+0.)] during ZnO
sputtering to reduce defects in ZnO near the pn interface.

1. IZICHIZ

feft= > 7L (NiO) 1FZ/30 R¥ v v 7 4.0eV ZA L[1]. p BEEM 2~ BHER
(b8 4K (TOS) Td D[], Fex X2 E TNIO & n 7l TOS TH AR Hi$h (ZnO)
AT RPESTH LT, AL AR AN T S RIS G E ALK A fER L T x
72123, L2>L ZnO O HH#HF ¥ U TR TH HEEEZZFLIL pn Sl AT TR A 30
ELTIK Kfa & 7e > TLEW, KEGEMOEENRZIKT S 5[4], & 2 TR
TIE ZnO @ pn FirifHE DR Z RS> L 2B E LT, ZnO HARETIZ Ar-0O, ' A
HEAE L £(O2) [f(O2)=02/(Ar+02)] % 221t = . pn St it D A K a0 72> NiO/ZnO ~
T e KEEmEHIE L=,

2. ERFE

Alkali-Free Glass #:#_EIZ, 12O, ZnO. NiO:Li ®NEIZ RF UV 7 7 7 4 7 ANy XIET
HEFE L, A B2 22— MEIC T PEDOT:PSS Z Hiff L T Fig.1 @ X 5 7 KB 2 /FR L
72, ZnO X 2JE % 0.8Pa T—iE & L, FENIZEAT 200nm FEEHERE L7, DL X ZnO D
HEFEBHAGT. . TEIE A 100nm £ Tl f(02)% 0% & L7, & 5 IZfEESY 100nm 7> 5 200nm

=0 N
PEDOT : PSS ) S 4N E
-NiO:Li Z 2
p-NiO:Li =P \\ g
. &) = =
I-ZnO P= 2 .,\ 5
n-ZnO = 2F 2 B
i
12O = \.
. ] — = &
Alkali-Free Glass f  100nm| <Zt % - = ——
- 00 400 500 600
o WAVELENGTH[nm]
Fig. 1 Cell structure of NiO / ZnO heterojunction Fig. 2 Representative QE of visible-light
solar cells. transparent solar cells.
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F Tl (0% LT, ZE4 0.7%, 1.4%. 5.0%(Z L CHERE L 7=, ZnO @ EiZ NiO:Li
7. f(02)7% 3%, 4JEIL3Pa T—iE & L. FEMENT 50nm FREEHERS L 7=, 15 b7z K5
BEHLIZxF L, AMLS RS FTo -V IlE - QEIEEIT- 7=, £, A v E—FH
AZHTEIZ LV ZnO D K [a D 5B A Rl L 7=,

3. MEBIUVOELE
3.1 RAE L 72 KEGEHL O Rt

Fig.2 (2, #AU972 ZnO/NIO KBGEEEHLD QE Fe:Z 7, SO HEZRINT 2 Al
INBE R KGR N TER LTV D Z 03D, Fig3 12, ZnO % f(02) 0.7% &
THERR L7 KIGEM L . f(O2) 25 0% THERRZBHAA L. pn Smfllod f(O2)2% 0.7, 1.4,
5.0%& 725 X D IZHERE L2 KEFEMMD J-V Fitt 2774, ZnO @ pn Sl o £(02) % 1Y
0T & CHABREE LB ELENAHA Lz, £, BEIEGED L, WA
DHERL7-Z & CHfRRFA ALz, 2t Zn0O OF v V T EREZIKS T2 &
THILINE TH D Zn0 DZEZEMNIENY . IV EERm ELIZEEZ N5,

3.2 HIRRIRF D ZnO R /Ry ¥ B Ar-O2 F A LG LR T

Fig.4 (2R 1D fONESEME A RS, f(0)%Z —EIC LT Zn0 2 ANy X35 L
fO)NBLZ 1%E B2 5 L & KGBEMOREDRMET Lz, 2L Zn0 dF vV
T LI BRI LT 2 & T ZnO ORI 2 | EAHREIA A L2720
EEZOLND, ZOLZXOMBATIL03RETL 7225, 4Bl ZnO @ pn Hmfhiro
Hf(O2)ZHERLdZ & T 0.5 ETHIK L7z, pn REAFITD f(O) DA Z IR L7722 & T,
Fez2 LS L CHMAERMET L& 2 b5, —J7, ZnO OEMANILE
¥ U7 EETEERRTH D0, Bt LB 3B E TRE LT Ay, &
mERm ELZEEZ NS,

3.3 BAERE D ERBENRE BT

KEGEMIZE ENDKMEIEF v U TIRE L CTHEEAZETIERZD HEEHL &
LT LY VT &2 T L0 T5, FRTERE L 722 ZnO IZEEND
FRFRZE L0, pn BEA FE O 1T X B RIGITKG B O B 2 (K F S & 2 EK
L%, ARl KEGEMO KM EFLT 5 ke LTA e —& o AHIE[5,6]% Huv

N’E‘ 20 T e .
5 ZnO A3y ZHFD £(0,) 0.5 e N
< 4 ““A “'A“ - 0.7% [ 4 A
= 15 “aa, - 0-0.7% 1 i
> 1 S, - 0—1.4% % 0.4 . !
=N iaes LAY “ = 0—-5.0% =
@ 10t Tttty { 203 E e A
Z 5 I s §
W da. . - $
o P.:"-. \“ - 02 i
= 5 B "‘0 ""l ‘\A b\ E =|
& N \ oy L o.1} ]
o4 *o, " \ » + f(0,) constant
« % \ 2
o o MR 5o N v 0.0 3 .
3 00 0.1 0.2 0.3 0.4 01 1 10
VOLTAGE [V] f(0,)
Fig. 3 J-V characteristics for solar cells as a Fig. 4 Fill Factor of the solar cells as a function
function of sputtering condition f(O>) during of f(O2) durina ZnO sputterina.
ZnO deposition.
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.0.35 : >'0.35

t Zn0 A /Xy Z KD £(0,) o w o330k °
2030, 0—0.7% N y (<'(D | : alt
H025F c0-14% L4, 4 R - 0.25/ & L
So20f "0 T | ©o0.20 )
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5 0.15 - I '::) =2 Zno =3y Z D £(0,)
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QUASI LIFE TIME 7 [s] @) CPE-p
Fig. 5 Open circuit voltage as a function of Fig. 6 Open circuit voltage as a function of CPE-p.
quasi lifetime.

Tre AV E—F U ZBENSBTA XA MNEE T v T 4 7352 LT, pn#E
AR O S 8B L7= CPE-p &, V¥ v U 7 FEmIZ 3 5 BB EIREEL
MKRED, FBREAFLE L TES RSB T DL XY U 7 HMITERTHZ L,
A BB ER O RKIZ KON LT HEEZEX LN TWD, 2L OMEE v
T ZnO DR MaH KI5 EEMIZ 5 2 5 588 % 3 L 7=,

EABENREEED KT 5 &, Figh O X D ICBKELENE K L7-, ZiE ZnOo A
Ny B2 D (0% LT Z LT, Zn0 DOEEFRZEALAWA L, v U 7 EMBER L=
D EHELE SN D, —J7.Fig.6 D X D IZHHMEE & CPE-p IZIXA DI B TE 7o,
CPE-p DB/ T pn #HEERmPIHL o7 Z E TpnHEEREO KGN R LT &%
’T, CPE-p KX < pn #EE MmN FH TGN D 72T EFAESHRENMET L,
BARCEIEIIRE < 2B & D L Figb 130G L7 RIZ - TLE S, ERRITIE, pn
BEARMEIL NIO DAy X DEEENRKE W= NIO A8y Z 2 Tk L CEMBET
Tt ZAEFF L= % £ CPE-p 2K &2 Z & T, BHsh=R A0 L4 % alfett N A
EF AN

4, KERG

NiO/ZnO F Al #EE IR KEEM D ZnO I2HB W T, pn REffros v V) 7 HBE %
o L, BRAHEOX v V) 7EELZHECT 2 &, AR L, B
TL7NIO DAY X ETRTHI L CTEMBEIREL « ZHFF L7-% £ CPEp &
HRT DI ETEDICEBMEON ERRIAENS,

B

ABFFED —EIE, Bt se g miBh e (B C) HUELRL R AW IEbe KI5 FE i
IrFFEEB, JolE e = L =B T2 R Se M K O B A ERE R DI e e & D352
ez,

BEHR
1) S. Hifner, et al., Solid State.Commun. 52 (1984) 793.
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AEH AR TEMET THR 673 ABFE

1. [ZC&HIZ

o RAREIEE S A 4 — F(PLEDs)I, &I
X DB AIRE T B 7= DR 1R & el L Tl =
A MIEND & W o T FEAE R, LL, PLEDs i
—RICHE L 2 BiEE THV b, ZEiEEE
HZ LIIREETH D, AT S ATKREA T TR
FELVERIC X 2B T OB MEE o> T D,
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R % B L7z,

2. MKSERIZEK DIV A Ty FEIR
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[17Y. Jitsui and N. Ohtani: Nano. Res. Lett., 9, 2358 (2012).
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Preparation of Copper halide transparent thin films by solution coating method and its
evaluation
U HES @R QAR #E®  He owz® | aeE@
@R BRI R BB TR O T3 m S Al TR
Taiga Harada® Shoko Tao® Toshiki Imamura® Katsuhiko Moriya® Kunihiko Tanaka®

@Department of Electrical, Electronics and Information Engineering, Nagaoka University of Technology
®)National Institute of Technology, Tsuruoka College

Abstract CuBriIx thin films were prepared as a variable band gap
transparent p-type semiconductor, by solution coating method which is a
non-vacuum process. We confirmed the change in XRD patterns, exciton
absorption energy, band gap energy, and ionization potential of CuBryIx
thin films with the change of mixing ratio x. From the results, band
lineup of CuBri4Ix was proposed.
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Figure 2 Composition dependence
of exciton absorption estimated from
absorption spectrum.
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Figure 1 XRD patterns of CuBryly thin films.

Figure 2 |Z CuBrixly D Zy 5 & Z5 Db+
I = R0 28— OB AR A PE 2 7R 9. bk
T Zy 5 1%, T AW CRgIR L7 EWIEFL
W KB &, B IEFLIZ KB b ISk e
LCWbH0, fhild FWI Z3 1327V v b4
ZIEFLIZ X Dbl 11 ﬁmbfmé%mk%
W =45 [1,8] bl %I R L ¥ —
OBmk%ﬁ@&W%ﬁx&&kwﬂ%ﬁ%
H otz WIERER AR b VIR O 5l =R
RN GE LT, Za I3 AR EE x o FEEImC
FEVWVELFREEI L T\ b ji VAR IXx =051z
kw(2ﬁ747t~&%&6ﬁ®T A
THRMER IR LT, 2D OFERIL, BEEAREE
Z T CuBrigly A {EHRL L 7238 £ O
DHLDE—FHLTWV5D.

Figure 3 I TURIN T 3L —n bR ) * Thiswork ]
MborY REY v 72X L X —Ey &R Pra 0 Cilalaedvale .
+. Eg A1) & MU T RES 5 7. =R, e | o 3

Eg:Ez"'be,(]-) - C ™ ,"

E, (3 TR T R L ¥ — End 3T 5 CF v el o ]
@R LF—EFET EnlEix=00,10(CuBr, = [ " . N
Cul% #1241 108 meV[4], 62 meV[1]& L  *°F e e B
72.x=0.1~0.9 D Ep [ THIEITEL TIRE L -

TREES -1, Eg XA FERIc L B8 2 02 o4 05 08 1o

v REHERER[2] & FIERIC
FEDOR—A T HER LT,

Figure 4 |(Z photo yield spectroscopy (PYS)
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Figure 4 Photoelectron yield spectrum of
CuBrgglo2 thin films and enlarged view
around ionization potential.

Figure 5 Composition dependence of
ionization potential in CuBryly thin films.
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Preparation of Zn,SiO4: M n?* films by electrical discharge pulse method
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Shizuoka Institute of Science and Technology, Science and Technology

Abstract  The use of electrical discharge pulses is a new method to
prepare thin films. When an electrical pulse is discharged between the
electrode and the substrate, the electrode material, which is zinc and
phosphor, moves to the substrate. We evaluated the resultant films with
scanning electron microscopy (SEM) and X-ray diffraction (XRD).
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Table 1 Surface resistance values of the electrodes
Resistance value (QQ)

After pressing After sintering
Weight ratio 6:4 9.02x107? 2.99x10
(Zn : ZnzS104) 7:3 2.48x107 6.10x10*
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| (a) before smterlng (b) after sinterlng
Fig. 2 SEM image of the electrode
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Fig. 3 SEM image of the Ei S , : .
. . g. 4 Mapping image of the film surface of the weight ratio
film surface of the weight 6:4, (2)Zn, (b)Si

ratio 6:4
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Fig. 5 SEM image of the Fig. 6 Mapping image of the film surface of the weight ratio

film surface of the weight _ )
ratio 7:3 7:3, (a)Zn, (b)Si.
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Fig. 7 XRD pattern of the film surface with weight ratio 6:4.
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Fig. 10 Image of light emitting surfaces with digital still camera, (a)6:4, (b)7:3.
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