2014 F ZRIESY) - XIBE = FXRBEAIFRE

Abstract of “International workshop for young researchers

on thin film compound semiconductor solar cells”

T ICAMEFE ZRMEEY - XBERARS
HiE  EAKRFFEHME - TOTAKELE Y -
HEF : 2014 11 H 28 H (&)
oA EEaRE I\ Ta EBHR—IL

November 28 (Fri.), 2014
Ryukoku University Avanti Kyoto Hall
Organized by Professional Group of Multinary Compounds and Solar Cells
in The Japan Society of Applied Physics
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Innovative Materials and Processing Research Center



Program

“International workshop for young researchers on thin film compound semiconductor solar cells”

http://annex.jsap.or.jp/tmc/english/index.html
Date: November 28 (Fri.), 2014
Venue: Ryukoku University Avanti Kyoto Hall (southern part of JR Kyoto station)

http://www.ryukoku.ac.jp/ryudaihall/access/

10:00-10:10 | Opening T. Wada (Ryukoku University)
10:10-11:10 | Plenary “Multinary Compounds for Gigawatt Photovoltaics: Issues of Material Science
and Production”
Hans-Werner Schock (Helmholtz-Zentrum Berlin, Germany)
11:10-11:50 | Oral 1 “Preparation of high quality CIGS absorber layer by thermal co-evaporation”
Shiro Nishiwaki (EMPA, Switzerland)
11:50-13:00 | Lunch break
13:00-13:40 | Oral 2 “Co-evaporating compound solar cell absorbers: growth and characterization”
Paul Pistor (Martin-Luther-University, Germany)
13:40-14:20 | Oral 3 “Alkali effects and interface study on CuGaSes thin-films and solar cells”
Shogo Ishizuka (AIST, Japan)
14:20-14:30 | Break
14:30-15:00 | Oral 4 “DUO & UNO: Midsummer's leading CIGS and CZTS manufacturing
equipment by sputtering”
Eric Jaremalm (Midsummer, Sweden)
15:00-15:30 | Oral 5 “Progress in thin film solar cells based on Cu2SnSs and the related compounds,
Cu2GeSs3 and Cu2SiSs”
Hideaki Araki (Nagaoka National College of Technology, Japan)
15:30-16:00 | Oral 6 “Process and analysis of CZTS photovoltaic cell with high conversion
efficiency”
Shin Tajima (Toyota Central R&D Labs, Japan)
16:00-16:10 | Break
16:10-17:00 | Poster Presentation
16:10-16:35 Presentation: odd number posters
16:35-17:00 Presentation: even number posters
17:00-18:00 | Discussion | “Toward high efficiency CZTS solar cells"
closing Akira Yamada (Tokyo Tech) Discussion

18:30-20:30 Conference Dinner




Posters

P1

“Fabrication of Efficient Cu(In,Ga)(S,Se)s Solar Cell by Spray Pyrolysis of Na-Containing
Aqueous Solution Followed by Selenization”

Na % BT/ & DO AT L —EG R L 5 & a3 Culln,Ga)(S,Se)2 K5 ML O /ER

Wilman Septina (Osaka University KPRKXS)

P2

Photoreduction of Water using Pt-In2Ss/CulnS2
Pt-In2Ss/CulnS: & 2 V72 K DJEIE ST
Gunawan (Osaka University KBRKZ)

P3

Preparation and study of CulnS: films by pulse laser deposition
PLD k12 £ %5 CulnSe RO /ERL K OFEAT
Po-Han Tseng &#i5 (Chiba Institute of Technology T T K%)

P4

Investigation of the solubility conditions of porous CulnS2 crystals
CulnSz ZFLE R S A R 31T D IEfESAE O RRET
Yoji Akaki #RA#EE" (National Institute of Technology(NIT), Miyakonojo College #B3 = E)

P5

Crystallographic and Optical Properties of CuGaSez and ZnSe System
CuGaSez-ZnSe ZLEW O datE &G FRIMEE
Yuto Yamada [UH &3} (Ryukoku University, S84 K5)

Pé6

5.7% efficiency Cu2ZnSnS4 solar cell using spray pyrolysis method
AT L — BRI X0 B U 72 5.7%%h3% CueZnSnSs KI5 EHL
Hiep Nguyen (Osaka University KKK %)

P7

Research on the optoelectrical properties of electrodeposited Cu2ZnSnS4 thin film solar cells
EEALFREIZ L0 /ER U7z CueZnSnSs KEGEM O YEREIZEET 54158
Feng Jiang (Osaka University KFKKZ)

P8

Impacts of electron irradiation on solar cell properties of CZTS Solar Cells
FETIRIUNIC L 5 CZTS KM O /VRHE~ DR
Satoru Aihara A5l P (Tokyo University of Science HIXELF} KZ)

P9

Evaluation of interface adhesion between absorber and Mo back contact in Cu2ZnSnS4 solar cell
Cu2ZnSnS4 YWINE & Mo ZE i FEAR O 25 A E R
Naoki Ashida & HE®E (Ritsumeikan University 37 g K5)

P10

Deposition and study of CusZnSnS4 films by pulse laser deposition
PLD 712 X 5 Cu2ZnSnSa i DOHEFE J5 KOG
Yusuke Watanabe #EiZZ #41 (Chiba Institute of Technology T3 T 3% K%%)

P11

Sulfurization Growth of Cu2SnSs Thin Films using Cu-Sn precursors
Cu-Sn 7' L 1 — % O b p R L 72 CueSnSs #2535 F2%2E
Guannan Shi ¥ &5 (Tokyo University of Science FREF} KZ2)

P12

Fabrication and characterization of Cu2SnSs absorbers using Sn vapor transport method
Sn 7R XUETE Z U 2 CuzSnSs YEW I g D /ERL & BFAM
Hikaru Uegaki f#i#H >} (Ritsumeikan University S AvEE R )

P13

Bilayer phenomenon during fabrication of Cu2SnS(Se)s films and its impact on secondary
phases in resulting films

Zeguo Tang (Ritsumeikan University SLAnfEK%5)




P14

First-principle study of defect formation in a photovoltaic semiconductor CuzSnSs
B —RHERIZ K D CuzSnSs KB5FEMA BF0D 224K [ia D FFA
H. Nishihara #EF5L3I (Ryukoku University, SE4&K%)

P15

Effect of annealing temperature on Tin(II) Sulfide solar cell performance and
photoluminescence intensity

BULEE7S Tin(ID) Sulfide KEFEM & 7 4 RV IR v b AREITE 2 5 HEIZHONT

Yu Kawano {iT% 4 (Ritsumeikan University S.AEE K %)

P16

Fabrication and evaluation of Tin(I) Sulfide thin film absorber deposited by train sublimation
method #ikF-#E1L% v 7= SnS SElINE O ERL & G
Yuto Kodani /N {1 (Ritsumeikan University SAy8EK5)

P17

Graphene Transparent Electrode for Thin-Film Solar Cell application
77 7 x o WRE N O EIE KR B S
Ryousuke Ishikawa )113%4h (Niigata University i KX=)

P18

Preparation of transparent p-type NiO films by reactive-sputtering method using the facing
target system and their application for thin film solar cells

k& —75 sy FIEEJSPEEEA X > ZIEIC L % p 2 NiO EEO/ER & KI5 E S H

Yasuaki Furuya 54758 (Niigata University FiE k%)

P19

Conductivity control by Li-doping during RF reactive sputtering deposition of NiO films and
fabrication of a visible-light-transparent solar cell

RF U7 77 4 7 A3y ZHifE NiO A~ Li YSHNC X 28848 & rTEtdE i R oKk B . O FRE
Ryo Maeda RijH %% (Tokyo University of Science B IR} KZ)

P20

Wide band gap and p-type conductive BaCuSF films Fabricated by Pulsed Laser Deposition
PLD {£(C X % p BURE Z 7R LR UWEE 708 2 57> BaCuSF B0 /EHL & SRt
Toshiyuki Kawabe J1/38F3(Ryukoku University, 84 K%)

P21

Temperature dependence of polarized Raman spectra in TlInS2
TInS2 IZHB T DR T~ AT MV ORERAE
Raul Paucar /<7 %V + 5 7 —/1(Chiba Institute of Technology T T %K)

P22

Photoluminescence of T1GaSe2
TIGaSes D7 #+ bV I 1k A
Masashi Hagiwara #J5 % % (Chiba Institute of Technology FZE T ¥ K)

P23

Evaluation of photo-induced surface relief change on ternary thallium compounds
3767 U U MEEMITIIT D ICIRSTZ X D R IRZE L ORI
Makoto Imanishi 547 fE (Osaka Prefecture University KBRFFSZK)

P24

The influence of precursor on morphology and structure of ZnSnP: film
72 2 AIBAR D B GAEIZAE 5 ZnSnPe D IR & A% 1E O R
Noriyuki Yuzawa 572 # 7 (Ritsumeikan University SLAnEE K %)

P25

Study of nanostructure in CdS:0 thin films
CdS:0 vl D F 7 K i&E DR
Masahiro Nakajima FlE ¥$X (Chiba Institute of Technology T T3 K5)

P26

Optical properties of stacked CdSe quantum dots grown by alternate beam supplying method
fEEH CdSe &1 K~ h D FRYFrME
Yasuto Kawasaki JI[IfZ% (Okayama University of Science [ [LERIAZ)




Science and Production

Hans-Werner Schock
Consultant, retired from Helmholtz Centre Berlin

AGENDA

v

History of compound semiconductor solar cells

v

Compound semiconductor materials for PV
» Culn,Ga(S,Se), : "CIGS" the high efficiency thin film option, production issues
» The potential of Kesterites

» Other emerging materials (Perovskites, Pnictides, etc)

Kyoto 2014 Kyoto 2014, HW Schock B

Compound
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*W

most recent breakthrougths:

11I-V Tandem cell 44.7 eff. , 297.3 conc.
(FHG ISE, Soitec)

II-V Tandem 38.8 % eff. AM 1.5 M =
(Boeing/Spectrolab) .
1

Wafer based silicon cell 143.7 cm?, 25.6% eff.
(Panasonic, rear contact HIT structure)

CIGS cell with 21.7 % eff.
(ZsW)

CdTe cell 21 % eff.
(First Solar)

Perovskite solar cell 20.1 % eff.
(KICT, Korea)

Kyoto 2014, HW Schock 3

*CIGS technology: will it converge?

RTP
a, In, (Se) stacks

annealing in
,S/H,Se

»

W

2014 2015
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“Preparation of high quality CIGS
absorber layer by thermal co-evaporation”

Shiro Nishiwaki
(EMPA, Switzerland)

Swiss Federal Laboratories for Materials Science and Technology

Historical development

Best Research-Cell Efficiencies
50

LINREL
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1~ W Tt syt
@
2 Bilayer process
= A~==-4 Mo back contact
p
]
|

CIS crystal solar cell

3-stage process

Potassium post-

1980 1985

Swiss Federal Laboratories for Materials Science and Technology

For high quality CIGS layer

Utilization of Cu stoichiometry

Composition for device

QO T T T T T T T T

Cu excess

500
o

3-stage process

300
Bilayer (Boeing) process
100
In;Se; 15 20 25 30 Cu,Se
Cu [at%] Ideal?

Cu poor composition
@ Crystal

Q More defect

Q@ Small grain
@ Device

@ Good junction

Stoichiometric composition
@ Crystal

¢ Less defect

¢ Large grain
@ Device

% Degraded junction

Back contact

Swiss Federal Laboratories for Materials Science and Technology

Growth of CIGS crystals in Cu-excess
Cu-(In,Ga)-Se thin film

Wada et al., J. Mater. Res., 12, 1997, 1456

@ Cu,,Se has the identical Se sub-lattice
structure with Cu(In,Ga)Se,

® Cu(In,Ga)Se, can precipitate in Cu,,Se phase
keeping the Se sub-lattice

Phase change from (In,Ga),Se;
to Cu(In,Ga)Se,

ol their evatonce rangs in
P — T

Rodriguez-Alvarez et. al., Adv. Energy Mater. 3, 2013, 1381

% The phase changes following the pseudo
binary (In,Ga),Se;-Cu,Se system

@ Composition grading between In and Ga is
induced

Swiss Federal Laboratories for Materials Science and Technology

Potassium post-deposition treatment (PDT)
Modification of surface and junction

cds

Intensy fau)

Mo

2000
Sputhering ime (8}

Cu depleted surface layer
= Improved junction quality (higher V.. and FF)

Reduction of CdS buffer layer thickness
(higher Jg.)

L1

A. Chirila, P. Reinhard et al., Nature Materials (2013),
DOI: 10.1038/NMAT3789.

Suwiiss Federal Laboratories for Materials Science and Technology
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AIST S. Ishizuka, Digest AIST S. Ishizuka, Digest

International workshop for young researchers on thin film
compound semiconductar solar cells
28 November 2014

Alkali Effects and Interface Study on CuGaSe,
Thin-Films and Solar Cells

Shogo Ishizuka
Research Center for Photovoltaic Technologies,
AIST

g AIS T e sns

This work was supported in part by NEDO '!.f,"'EW S i

Why CuGaSe,?

CGS: the starting material for wide-gap CIGS devices

Cu-deficient
layerf?
aIsT
Eff.~ 11.0%
First double digit efficiency from
elementally In-free chalcopyrite
thin-film solar cell™

[1] S. Ishizuka, et al., Appl. Phys. Lett. 103, 143803 (2013).
[2] S. Ishizuka, et al., Appl. Phys. Lett. 104, 031606 (2014).

SEIENCE AND

SEIENCE AND

AIST

S. Ishizuka, Digest

TEM-EDX

Cu-deficient layer

[Se]/[Ga] partial
pressure ratio

Film morphology
after the 1% stage g rface [

S. Ishizuka, Digest

Ga,Se; precursor
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AIST S. Ishizuka, Digest AIST S. Ishizuka, Digest

Higher Ga content = Thicker Cu-deficient layer
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T
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*CGS & CIGS films were grown using a same Pysy value of 80.

Na, K, and O concentrations v.s. Mo thickness
ZnOAl- ZnO:Al- T CGS
L2 T .
2 3 4+ B8 &
= 100k K [Na] 8 o100
] ' 2 ¢
2 4 Ll
< ] 84 b
10" 08 12 16 20
b Relative depth (m)
: urdocs g |10 T ©
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SCIENCE AND
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AIST S. Ishizuka, Digest AIST S. Ishizuka, Digest

Carrier transport

Surface=Cu-deficient (intrinsically) | | Surface/Interface energy diagrams

SEM SEM+EBIC EBIC

e.g. M. J. Hetzer, et al., APL 86, 162105 (2005). 1 ®

¥

CulnSe,/Culn;Se; Interface

e s
.

@) sem +£BIC .

ZnO:Al

EBIGline profile
e |—ZnOs

'.. W H]:l'

"

CulnSe, Culn,Seg
Vac_y D= 0048V
b= 528V =538V
Potassium effects p—
. Ve L
= Enhancement of CDL* formation S ammiient C. Leendertz, et al., APL 89, 113120 (2006). HZB ..
= Improvement in carrier transport 8] =
. | vacuum Jevel wacuum level
*CDL: Cu-deficient (e.g. CuGa;Ses) layer PR s ORI M 8
w—1000M ! - S 3 T N W
= K Wik y
Ref2 iy et e i e te! ininic
! 1 A. Hofmann, et al., APL 101, 062108 (2012). on L] Fm Ev ol By

[1] S. Ishizuka, et al., ACS Appl. Mater. Interfaces 6, 14123 (2014).
[2] S. Ishizuka, et al., Appl. Phys. Lett. 104, 031606 (2014).

SEIENCE AND

{a) (1] )
M. Kawamura, et al., JJAP 49, 062301 (2010).

SEIENCE AND

AIST S. Ishizuka, Digest AIST S. Ishizuka, Digest

Summary Acknowledgement

Topic 1 - Potassium affects the formation of a Cu-deficient
layer on the CGS film surface even if K diffuses

from the substrate

- Na & K selective diffusion control in CGS (and
probably in CIGS) is possible with film growth
parameters

Topic 2 - Cu-deficient layer/CGS interface

Technical support
M. lioka, H. Higuchi, H. Takahashi, S. Kimura, and A. Obara.

Fruitful discussions
Y. Kamikawa, J. Nishinaga, T. Koida, and T. Nagai

[2] S. Ishizuka, A. Yamada
[3] S. Ishizuka, A. Yamada,
[4] S. Ishizuka, A. Yamada,
[5] S. Ishizuka, A. Yamada,

,P.J. Fons, etal.,
, P.J. Fons, etal.,
, P.J. Fons, et al.
,P.J. Fons, etal.,

Appl. Phys. Lett. 104, 031606 (2014).
Appl. Phys. Lett. 103, 143903 (2013).

, Prog. Photovolt. 22, 821 (2014).

Prog. Photovolt. 21, 544 (2013).

= improves carrier transport? Fimancial
This work was supported in part by NEDO.
More information about CGS & CIGS film growth, Na & K and interfaces e iz
[1] S. Ishizuka, A. Yamada, P. J. Fons, et al., ACS Appl. Mater. Interfaces 6, 14123 (2014). o a2t pas

SCIENCE AND

SCIENCE AND
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Midsummer Products Technology PV Market Other
background organization grants/awards

+  Midsummer was founded in 2004 by people with a background from optical disc manufacturing and the
photo mask industry

+  Midsummer has developed its own process for manufacturing of CIGS flexible and lightweight thin

& i

-

film solar cells and modules

+  Midsummer was a top “Sweden Technology Fast 50” company
in 2014 and the fastest growing cleantech company in Europe
in 2007-2011, according to Deloitte

*  Midsummer is the only supplier of CIGS turnkey lines for the Deloitte
Technology Fase $0

Reol

midsummer

production of flexible solar modules

*  Midsummer also makes the UNO tool used in CZTS research

Oral-4

4)p # o

Midsummer Products Technology PV Market Other
+ DUO is Midsummer’s ic mass pl tool for mar high efficiency
solar cells

DUO has an annual prodcution capacity of 5 MW (~50 000m? of solar panels)

Most compact thinfilm CIGS equipment in the world

All materials are deposited by sputtering technology onto flexible 156x156 mm stainless
steel substrates using a Cadmium free process

The sputtering process is in an unbroken vacuum chain which allows for less stringent
industry clean room conditions

When you need more capacity you just add identical DUOs in parallel to ramp up the
production

DUO solar cell manufacturing tool

midsummer

21 November 2014

END
Midsummer Products Technology | py varket Other <@
performance cells modules
efficiency reliabiity r0ad map. internal QE
.-
UL -

Efficiency 156 x 156 mm cell:
16.7% - aperture area (192.4 cm?) .
14.3% - total area (225 cm?) .
CIGS layer thickness ~ 800 nm

r—r—

21 November 2014

D

Midsummer

Products Technology PV Market Other

Midsummer flexible and lightweight solar panels:

Module tests. Installations l

Midsummer’s flexible solar panels on vehicles:

Bus in Lublin, Poland

midsummer

Car roof Roof of wheel loader

4 ) @ e

Midsummer

Products Technology PV Market Other
CZTS on UNO tool

- CZTS solar cells sputtered in-line without breaking vacuum

- li imization lead to 4.2%

Micro-sphere formation during high temperature annealing

- Increasing sputtering pressure prevented micro-sphere formation

5.1% efficiency CZTS solar cells

midsummer

21 November 2014
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Progress in thin film solar cells based on Cu,SnS;

and the related compounds, Cu,GeS; and Cu,SiS;
Hideaki Araki

National Institute of Technology, Nagaoka College
JST-PRESTO

Why Cu,SnS, (CTS)?
e

Cuy(SiSn)S,

25CuGas,

\[ cu(in,Ga)(s,se),

» Cu, Sn and S abundant in the

Y VvV

\7

Band gap Eg (eV)
[a]
€
(2]
)
v

[cus(Gesnis, [} cu,sns,

CulnSe,
52 54 56 58 6 62 64 6.6 6.8
Lattice constant a (A)

Earth’s crust

p-type semiconductor

Absorption coefficient a > 104 cm-?
Band gap : Eg=0.9-1.0 eV for
monoclinic structure

Band gap is tunable by alloying

with Ge, Si: Eg=0.9~25eV

CTS-based compound has potential

as solar cell absorber material.

Oral-5

. e ; 1]
Efficiency of CTS solar cells FRESTO

T T T N
> The efficiency of 4.29% @ [N Evaporation o
4 L CTS solar cells 3730610 : gugn plating %_sulf;rlz?lop i
R u/Sn evaporation & sulfurization
has improved nevap
L he last 3 860612 O Solution process o
over the las : A Cu/Sn sputter & sulfurization
5 [ decade. 2.92%" [0 Screen print & high pressure sintering
IS 2.84%? ® Co-evaporation & short annealing
- L W2.54%"° ]
& 2.13%"!
5 [1] T. A. Kuku, et al., Sol. Energy Mater., 16 (1987) 199.
S 2 |- 5] O | [2] J. Koike et al., PVSEC21, 4D-3P-26 (2011).
= 1.92% 2.10%"|  [3]K. Chino et al. PVSEC21,4D-3P-27 (2011)
w [4] D. M. Berg et al., TSF, 520 (2012) 6291.
- [5] Q. Chen et al., J. Colloid. Interface Sci., 376 (2012) 327
O [6] N. Aihara et al., PSS(c), 10 (2012) 1086.
1.38%" [7] D. Tiwari et al., Sol. Energy Mater. Sol. Cells, 113 (2013) 165,
1 - - [8]M. Umehara et al., APEX, 6 (2013) 045501
[9] T. Nomura et al., JJAP, 53 (2014) 05FWOL.
0.54% [10] D. Tiwari et al., Appl. Phys. A 3687-3694 (2014)
L A ' [11] H. Araki et al., Grand Renewable Energy 2014, O-Pv-5-2 (2014)
(1] [10] [12] A. Kanai et al., ICTMC-19, Tue-O-3A (2014)
0.11% 0'185% [13] A. Kanai et al., WCPEC-6, 3TuO.1.4 (2014)
0 . . .
1980 1990 2000 2010 2020
Year

Annealing temperature dependencel®? FREEI’I.]
—

CTS thin film solar cells were fabricated using a method involving

co-evaporation and annealing in the presence of sulfur.

High temperature
The efficiency was improved with increasing
annealing temperature.

Optimal annealing temperature with sulfur was

570° C for 5 min

Cu/Sn = 1.8 CTS film annealed at 570°C

> J.=33.5mAlcm? V,, =248 mV
FF =0.439 and n = 3.66%

Annealing temperature [°C]

260 520 540 560570580
< 240 ~®-Cu/Sn=17 ./\
- =
T poo| W CWSN=18
58200 ﬁ N
180
40— - - -
E
& 30 '//—:/k-
< >
E 20 ﬁ
=" 10
05
- —a—a
- 04 1
=
03 ‘ ‘ ‘
4 : : :
s 3 /\-% i
= 2| ﬁ ]
1

[12] A. Kanai et al., ICTMC-19, Tue-O-3A (2014)

Composition dependencel®! '

CTS thin film solar cells were fabricated using
a method involving co-evaporation and

PRESTO
—

Cu/Sn composition ratio

annealing in the presence of sulfur. k8 18 19 195 2
g
After annealing E 300 0;‘\',
§ < 20 \ |
E
2, 10+ 1
.—,"’ ol L L L L
300~ . . . .
S 2501 k/¢\.
‘E‘U 200 — \ |
o ) ] >° 150 g
Large grain size observed in annealed film 100 . . . .

with slightly Sn-rich composition than the 0.5 | | : :

stoichiometric composition. 04l ';’\o

= I
w
The optimal Cu/Sn composition ratio L o03r 1
was determined to be approximately 1.9. 02 . : : :
5 T T T T
T 4r q
Cu/Sn = 1.87 CTS film annealed at 570°C & 5} ';_7:\'
> J..=35.6 mAlcm?, V,, =258 mV ‘QJ i i \ 1
FF =0.467 and n = 4.29% oL . . . .

[13] A. Kanai et al., WCPEC-6, 3Tu0.1.4 (2014)
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Process and analysis of CZTS
photovoltaic cell with high conversion
efficiency

Toyota Central R&D Labs., Inc.
OShin Tajima

K. Higuchi, R. Asahi, H. Hazama, T. Itoh,
K. Ohishi, T. Fukano, M. Hasegawa, M. Umehara

—TL TOYOTA CENTRAL R&D LABS., INC,

Oral-6

Typical TCRDL CZTS cells

600 nm
Sample 2 Sample 1
Composition Photovoltaic Properties (1sun, AM1.5)
i J V FF R:
Gu/Zn Cu/Sn Impurity n se 2 °° s 2
% mA/cm \4 Qcm
sample 1 1.50 1.80 ZnS ~4 ~12 ~0.6 ~0.6 ~10
sample 2 1.85 1.95 none ~7 ~18 ~0.6 ~0.6 ~10

S. Tajima, H. Katagiri et al., Appl. Phys. Express 5 (2012) 082302 7L TOYOTA CRDL, INC.

80 40 0

60 r H
Cds{_ : _)CZTS Isosurface of 10% Cu
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50 F e cz1s &E*E*W
H 1 .iﬂ*r'; I S 45 ]
40 :I ol ’i’,_{hllw.‘-p- B
! !
|
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N
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w
o

=
o

Fig. J-V curves of CZTS
cells

1

H

1

O 1 1 1
-30 -20 -10 0
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6. Summary

1. CdS/CZTS interface was determinative factor for properties of CZTS cells.
Annealing after CdS deposition was one method to improve the interface.

2. CBO at CdS/CZTS interface was "Spike" or flat, therefore, the CBO is not main
reason for low Voc. The relationship between Voc and temperature suggests that the
recombination at CdS/CZTS interface could be the main reason for low Voc.

3. Addition of sodium improved the Voc of CZTS cells, however, the mechanism
was unclear.

4. We have successfully fabricated high performance CZTS cells using two-layered
process, improving V. up to 0.78 V, and showing the highest conversion
efficiency of 7 = 8.8 % along with Jsc = 17.5 mA/cm?, Vo = 0.71V, and FF =
0.71. The strategy demonstrated should lead to further improvement.
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Fabrication of Efficient Cu(In,Ga)(S,Se), Solar Cell by Spray Pyrolysis of Na-
Containing Aqueous Solution Followed by Selenization

Wilman Septinal, Masaaki Kurihara?, Toshiyuki Hirano®, Yasuhiro Nakajimaz, Yoshihito Kawasaki',
Takashi Harada', Shigeru Ikeda', and Michio Matsumura'
1 Research Center for Solar Energy Chemistry, Osaka University, Japan

2 Renewable Energy Material Development Group, Energy & Environment R&D Center, Corporate Research & Development,
Asahi Kasei Corporation, Japan

Chalcopyrite Cu(In,Ga)Se,-based solar cells have been widely regarded as a strong high-efficiency contender to the
silicon-based one with the power conversion efficiencies already exceeding 20% on laboratory scale [1]. In order for
Cu(In,Ga)Se, solar cells to be one of the dominance players in the solar cell market, one of the directions is to further
reduce the manufacturing cost of the absorber. Spray pyrolysis is one of the suitable fabrication methods for this
purpose. It is vacuum-free method, low-temperature process, fast-deposition technique, able to deposit large-area of
films, and also suitable for roll to roll production. Moreover, composition of the film can be adjusted effectively by
controlling the amount of the constituent metals in the precursor solution. Another distinct advantage of the spray
pyrolysis technique is the innate ability to introduce external dopant to the film simply by adding the dopant element to
the solution. This feature is favorable especially considering that the reported high-efficient cells typically produced via
intentional doping of the Cu(In,Ga)Se, film with alkaline elements, primarily Na and/or K [1, 2].

Here, we present fabrication of selenium-rich Cu(In,Ga)(S,Se),-based solar cells from spray pyrolysis of an aqueous
precursor solution containing Cu(NOs),, In(NO3);, Ga(NO3); and N-methylthiourea followed by selenization at high
temperature. First, we investigated the fabrication of selenium-rich film without containing Ga, i.e., Culn(S,Se),
(CISSe) by this method and specifically examined the effect of intentional Na doping to the structural and
morphological properties of the final CISSe film. XRD patterns of sprayed films showed weak diffraction peaks at
around 28.9°, 47.4°, and 56.5° assignable to the (112), (220)/(204), and (312/116) of CulnS, (CIS) with chalcopyrite
structure (JCPDS 27-0159). No peaks due to the binary sulfides such as Cu,S and In,S; indicated that the spray
pyrolysis reaction at the present condition effectively formed CIS film with no impurity. The XRD pattern of the Na-
doped precursor film shows noticeable stronger peak intensities than those of non-doped precursor film, indicating that
incorporation of external Na in the precursor solution enhanced the crystallization of the precursor film during the spray
pyrolysis reaction. Despite that, the current spray pyrolysis temperature of 360 °C is not sufficient to induce complete
crystallization. Hence, selenization at relatively high temperature were performed to those precursor films.

After selenization at 560 °C for 10 min, appreciable shifts of the diffraction peaks to lower angle (27.8°, 45.4°, and
53.7° for (112), (220)/(204), and (312/116), respectively) were observed from both selenized films due to the
replacement of sulfur by selenium to form a selenium-rich CISSe film. The Na-doped CISSe film showed more intense
diffraction peaks than that of the non-doped CISSe film. Furthermore, as confirmed by SEM analyses, the Na-doped
CISSe film composed of relatively large grains. As expected from such structural improvements, the solar cell property
of the Na-doped CISSe based device with the structure of Al/Al:ZnO/ZnO/CdS/CISSe/Mo/glass showed significantly
high conversion efficiency of 4.33% when compared to that of the device derived from the non-doped CISSe (<1.0%).

By applying the similar procedure, we also fabricated Cu(In,Ga)(S,Se), (CIGSSe) films and their solar cell
properties were examined. As a result, the maximum conversion efficiency of 8.8 % was achieved by the cell based on
the Na-doped CIGSSe film. Besides, by applying an MgF, anti-reflection coating to the device, conversion efficiency
was further increased to 10.7 % with short circuit current density of 27.9 mA cm, open circuit voltage (Voc) of 0.64 V,
and fill factor of 0.60. To the best of our knowledge, this is the highest efficiency for the CIGSSe solar cell obtained
from absorbers grown by the aqueous solution-based technique. When compared to the non-doped CIGSSe-based
device, the Na-doped ones tended to show relatively high Voc, suggesting that efficient suppression of carrier
recombination was achieved by the Na-doping. Detailed characterizations along this line are now in progress.

[1] P. Jackson, D. Hariskos, R. Wuerz, W. Wischmann, M. Powalla, physica status solidi (RRL) — Rapid Research
Letters, 8 (2014) 219-222.

[2] A. Chirila, P. Reinhard, F. Pianezzi, P. Bloesch, A.R. Uhl, C. Fella, L. Kranz, D. Keller, C. Gretener, H.
Hagendorfer, D. Jaeger, R. Erni, S. Nishiwaki, S. Buecheler, A.N. Tiwari, Nat Mater, 12 (2013) 1107-1111
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Reduction of Water Using Pt-In,S;/CulnS, Photocathodes

Gunawan, Wilman Septina, Feng Jiang, Takashi Harada, Michio Matsimura
Research Center for Solar Energy Chemistry, Osaka University, 1-3 Machikaneyama, Toyonaka,
Osaka 560-8531, Japan

Photoelectrochemical water splitting is an attractive approach for hydrogen (H,) production in view
of energy and environmental issues. After the pioneering work on a TiO, thin-film photoelectrode, a
variety of semiconductor electrodes and devices have been investigated.

Cu-chalcopyrite p-type semiconductors such as CulnSe,, CuGaSe,, CulnS, (CIS), CuGaS; and their
mixed crystals are used as absorber layers in thin film solar cells. Due to their high absorption
coefficient and tunable band gap values (1.0-2.4 eV) by changing the In/Ga and/or Se/S ratios, these
materials are also attractive for the use of a photocathode for H, production. Although there have been
a few reports in which photoelectrochemical properties of the series of chalcopyrite families for H,
production were discussed, there have been little work on efficient H, production [1-3]. In the present
study, therefore, we studied a CIS-based photocathode for efficient H, production.

The bare CIS film showed little photoresponse, whereas the Pt-CIS film exhibited appreciable
increases in photocurrents, indicating the effectiveness of loading Pt deposits as promoters for H,
production. Moreover, by introduction of n-type thin layers such as CdS on the CulnS, surface before
the Pt loading, appreciable improvements of H, liberation efficiency were achieved, indicating
considerable facilitation of efficient charge separation by introduction of such n-type layers. As
reported previously, the series of chalcopyrite compounds can utilize the solid/liquid junction for
charge separation. The present results indicate considerable facilitation of efficient charge separation
by the introduction of pn junctions, as has been proposed in a similar system based on the
Cu(In,Ga)Se; thin film. The surface coverage of n-type layers would also compensate surface defects
of the CulnS, film to suppress interface recombination. Moreover, modulation of the electric structure
of the solid-liquid interface should occur due to the surface modification. Such multiplication effects
are likely to induce an efficient photocurrent for H, production. Moreover, surface modification of
the CulnS; film with an non toxic n-type In,S; layer followed by loading of Pt deposits made it an
efficient Hy-evolving photoelectrode: a maximum ABPE of 1.97% at 0.28 V (vs. RHE) measured at
0.1 M Na,SO4 (pH 9) under simulated AM 1.5 solar irradiation. This modification also effectively
shifted the onset potential to a lower applied bias (ca. 0.78 V vs. RHE), which is promising for a
tandem PEC system without any bias voltage. The prolonged illumination of the photocathodes in
buffer solution of pH 6 at 0 V (vs. RHE) for 3 h exposure resulted a good stability.
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PLD ;%IZ &k % CulnS, EIE®D /£ 3 B U 511

Preparation and study of CulnS: films by pulse laser deposition
FEIK, KFARTI? S8 L HHER ., AR HEMNE
Chiba Inst. of Tech. !, Osaka Pref. Univ.?
°Tseng Po-Han ¢, Ryo Yoshida?, Yong-Gu Shim?, and Kazuki Wakita!
E-mail : s1472015fp@s.chibakoudai.jp

ZInHER CuInS, 1% 1.5 eV OV R¥ v v VT3 — L K& 2RIREE H o7 K&
ISR L TIPS TV D, ZHvE T CulnS, KB O BT 11.4% Y &k L
T 5. CulnS; KEGFEMOMRES 7] | S 21X M E 2 ER A ER T 2 BN H 5.

AWFSETlE, PLD (Pulse Laser deposition)ikiZ LV GaAs K Bl X ¥ ¥ LR S H7
CulnS; EEO/FER K OWERL U 73> SEM, X #tlEldfr, 7~ 8L, 74+ b Ik 2 (PL)
I X DRl S>W TR L=,

Fig. 1 1Z/R L7z PL A7 ML, 7V AT 3 LF—0.8 Jem? TYERL L 72 % 77 K THIE L
b DThHD. B YEIIE Tisapphire L —%— (5 @i 400 nm) TH 5. 15334 eV ONLE
WCREZBRILZ. A7 L1 1.538eV (Peak A) ([ZiET 51— L V%L 1.530eV (Peak
B) IINET DK T ABBICHBEL7=. ©—2 A KUO'B X Binsma HLO#HE2 I2kbE, ABH
JibiE - & BRI 1 EXLIZZENENRIE L CWA. Fig.2 12 A & B B —7 ORI D iE
FERIFEZ R T, A & B OFRNBREIT L A bR & 92 L, L IZHBILTRY ka & keldZE
NEN20 L 14 (kelka= 15) &Y. ZOZEnbbE—7 AZHBNE 7B —2 B IZdE
i TdH D Z L BERTE 5.

A FE D — L SCE R A FANL K R O BF SR SR T A S ¥ (CERR 25~29 4R
N0.S1311004) D&% 52\ F T Ffi S 7.
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Fig. 1 PL spectra at excitation intensity of Fig. 2 Excitation intensity dependence of the emission
1 mwW. intensity of the peak A and peak B.

1) R. Kaigawa, A. Neisser, R. Klenk, M.-Ch. Lux-Steiner: Thin Solid Films 415 (2002) 266-271.
2) J.J. M. Binsma, L. J. Giling and J. Bloem: J. Lumin. 27 (1982) 55-72.
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Investigation of the solubility conditions of porous CulnS; crystals
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Miyakonojo Coll. Tech., °Yoji Akaki, Takanori Matsubara, Tomofumi Kaneko, Shinya Kitano,
Mizuki Nagasaki

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

1. IZC®IZ

CulnS, Z LB #E M RIZ, Shen 512 X - THID THE SN0, Z DAL HITI AR 80135 <
FEAREREDHIE & 72 SV TV R W], ZAvE THRAIL, HEEREZA M ¥4 XA MY —L225 &
ICHEL, TNE b LICEMELT D 2 & TREEIED KV CulnS, ZALERMER R TE D &
S L CE722], L L s, M DUV Tl Cu-rich, In-poor TH -7z, & Z THIENX
JFE 2 VRS 5 & & ORE LR Z AT 5 2 LT, ARSI CulnS, % FUE G S IR DR I
DFIENZ SN T ORFEIT o D THET 5,
2. EBITIE

CulnS, Z FLE G S AR 1 HEALSR T KR (CuCly - 2H,0) & kA > P w7 A TV K F#)(InCls - 4H,0)
FAIRFE(CHNS) %, Cu, In, S DA A FARA R —LRDEHIHEL, = F L7 a—
IV CERIR S T2 th, INEL, BHE L CHREIT o7z, T D%, AMMITEKkT ¥ /) — L8 LUK
RKTU Lo, BEGREIT o7, ARENE, BFEROIEE L 50~100C, Rz 4~16 KR§fH
& A SH T CulnS, ZALERE IR DGR ZAT 2 72,
3. R E B

X MEFTORBRIY | BAREIMES . DOBEMREE N E VRO KRN D, HLag T4
U CulnS s KT 5 112, 204/220, 116/312 [H]

e —7 OLfER T, CulnS, BifH & 725 2 & D3k
100"'T"'T"'T"'T"'T"'T"'T"'

T&E o, BRENE L RDIZHE- T, &5 WITEM [ o s0Cs
FFRIASR S R DIHE- T, MEBAERTETOARNT 0] { o ]
EMGrinoTz, XRF OFEHR(Fig1) L 0 2EMIZ, ITn D g [ ]
KIGR AR ENHERTE, BRIRED LA L LB émfg ,,,,, g f ,,,,, Pi
REECR ST, SEM S L BHAMEOBAORRE,  E0f ¢ b F
FIRCHGD O L RIGRA L CBREREAN, TR S - 1
S BITHES T KRR LB SN, ThB0 S
SUBh. BREORIC Lo COARSNESIE O e
FERIRIC R E B2 D2 ENghoT, Dissolution time (hour)
[1] G. Shen et al., J. 3Cryst., Growth, 254 (2003) 75. Fig. 1. XRF of Culn$; porous crystals grown by

[2] Y. Akaki et al., ICTMCI19 (2014) 103. stirrer.
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CuGaSe;-ZnSe RI{LEW D SHEE L HeFHIME
Crystallographic and optical properties of CuGaSe, and ZnSe system
FEA R BRTZAES / LEASsE, MR, ATEZR. fmE PR
Ryukoku University / Y. Yamada, K. Takei, T. Maeda, and T. Wada

[#5] Cu(In,Ga)Se,(CIGSe) EAMARI. @ BRI NEA B R O R IE &L CTleb A e B L Thnb i
TW5, T, RV =y 7 LEREO LRI IE S N — 7135 T ARUKGE MO Ny 7L EL T,
ZNy(Culn);.xSex(ZC1Se) KI5 T2 7 fEL C 4.4 %O LW TR &2/ LT-[1]. Tk % 1% Zny(Culn)yxSe,
(ZCISe)Z AL | & Dk db A& S EIZ W THRAELZ[2], IR DOY — UL MIEFT I LY XAFS @
FRHT#E D CulnSe,-ZnSe RITIF AL/ 34T A MR EBTHEERLFA ORI —FHIR A fEIR A TF(EL . CulnSe,
DNURE vy 713 Zn OFEVEIZHEORER—A 7L, 1.0eV 15 2.60eV ETHMLT-, £/, il V=
o7 LEEKSF O ILRIBFFE S V— 712 ZCISe D In % Ga |2 & &2 X 72 Zn,(CuGa) 1.xSe, (ZCGSe) | FEFH DT ik,
ZHILIRBET AR AR R vy 7T 2 DI L TODERELTZ[3], AHFZE TIE. Zny(CuGa),.xSe, HH

KkBH0.0=X=1.0)2 B KL . Z O mEIE L FRITEE I OWCRHIL 72,

[EBR 5] Zn,(CuGa),.xSe, DL FEAwIEIZ72 5 K 912 Zn, Cu, Ga, Se Z T B & L, IFER—/L 3
JLC 800 rpm + 20 7y DSFAE TR - IRE LTz, O mIREWIX N, R H T 600 °C € 30 43 RIHERk
L7-, AR L7- ZCGSe ¥yK % X MREIHT CFHZFIE L, U — hUL MEIZL D RSSO ELEZ1T-
2o WIZ, MIROPEESH AT bV ZRIE L, ZCGSe RikktD /Ny KXy » T2 IRE LT,

[#EHR] X BREPT S ZCGSe WEM TE 72 Z & 2l Lz, FilEHI W THh a1 T4 Ml
3 L OPYH g ARG O )7 & FAEEIZ LT Y — hUL MgiT 21T o7z, K 1 I2hvasig F 4 b
Tt 2 SAMEE & L7 & & D ZCGSe DT EE a BEL W 2 T, 0.0=X=1.0 OHIFHIZIBW\T
Zn BHEOEITH L THFER a ITRESEI LRV DIZK L, o2 ITEHFICHEM L7, 0.2=X
=04 OFPHIZIB W T ER o2 DAREFREICKE KA LTEY | 04X 2BV T a & o2 DERIZ
F—H L7z, ZNOOEENS, 00=X=0.2 OFFHATIEI /L3314 T4 MH, 0.2<X<0.4 OFFIT Y
S T4 ME L BIHENIEF OIRAF. 04=X TIZPIHSNGAH TH 5 & i) 7-, ¥ 212 ZCGSe
RELDO AN RE¥ v v T %R T, ZCISe DIGH L FIFRIC, ZCGSe D/ R¥ v v X EMAVNCELET
Zn DI E & HITKEAR—A 7L, 1.63eV (X=0.0, CuGaSe,) > 5 2.60 eV (X=1.0, ZnSe) £ TZAk L 7=,
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1 Lattice constants of Zn,,(CuGa);.xSe,[Chalcopyrite]. 2 Band gap energy of Zn,,(CuGa);.xSe..

[1] T. Yamamoto et al., Jpn. J. Appl. Phys. 51, 10NC06 (2012).
[2] K. Takei et al., Jpn. J. Appl. Phys. 53, 05FW07 (2014).
[3] HIAHERA, 1R ez, MAFEIER], AR, 5 61 S Y PSR P E < TRtk 18a-D7-10.
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Fabrication of Cu,ZnSnS, Thin Film Solar Cells Using Spray Pyrolysis Method

T. H. Nguyen, W. Septina, Shigeru Ikeda, Takashi Harada, Michio Matsumura

Research Center for Solar Energy Chemistry, Osaka University, 1-3 Machikaneyama, Toyonaka, Osaka 560-8531,
Japan

Cu,ZnSnS, (CZTS) is a promising material for the absorber layer of thin film solar cells because it has
optimum band gap energy of 1.5 eV and a high absorption coefficient of more than 10* cm™. Moreover, it is
made of non-toxic and earth abundant elements, which reduces the environmental impacts and cost of products.
For fabricating CZTS thin films, it should be fairly advantageous that reliable and efficient solar cells based on
the CIS absorber are prepared by non-vacuum processes. Among a variety of non-vacuum processes, spray
pyrolysis is an attractive method because of its easiness to deposit the CIS film in a large area. Besides,
composition of the films could be controlled effectively by varying concentration of constituents in spray
solution: as a result, films with wide range of compositions can be prepared, unlike in any other deposition
processes [1]. These characteristic features motivated us to develop a fabrication process of the CZTS thin film
by the spray pyrolysis method, while only few works have focused on fabricating CZTS solar cells using the
spray pyrolysis method in the literature. In this study, we attempted to fabricate efficient CZTS-based solar cells
specifically focusing on controlling the grain size of the CZTS film.

An aqueous solution containing Cu(NOs),, Zn(NOs),, Sn(CH3S03),, thiourea was sprayed using an N, carrier.
Deposition of the precursor film was performed on a Mo-coated glass (Mo/glass) substrate by using an atomizer.
Thus-obtained precursor film composed from aggregates of fine particles was placed with elemental sulfur in an
evacuated borosilicate glass ample and annealed at 550-600 °C to facilitate crystallization. For the evaluation of
solar cell properties, thus-obtained CZTS films were processed to complete with an Al:ZnO/i-
ZnO/CdS/CZTS/Mo/glass structure. The CdS buffer layer was deposited by a chemical bath deposition (CBD).
Then an intrinsic ZnO (i-ZnO) layer and a transparent conductive oxide (TCO) layer of Al-doped ZnO (Al:ZnO)
were deposited on the CdS surface by radio-frequency (RF)-magnetron sputtering. Current density-voltage (J-V)
characteristics under simulated AM1.5 irradiation (100 mW c¢m™) were measured with a Bunkoh-Keiki CEP-015
photovoltaic measurement system.

The X-ray diffraction (XRD) pattern of the precursor film showed almost no reflection except for reflections of
the Mo substrate, suggesting its amorphous nature. On the other hand, when the precursor film was annealed in a
sealed glass ampoule containing sulfur vapor, resulting films showed typical diffraction peaks assignable to the
kesterite CZTS crystal without showing other appreciable reflections. Relatively intense and sharp peaks observed
on the film annealed at high temperature (600 °C) indicates a high degree of crystalline nature of the film. In fact,
morphological analyses of these annealed films by using scanning electron microscopy (SEM) indicated that the
angular-shaped CZTS grain became larger upon increase in the annealing temperature. In addition, chemical
compositions of these annealed films determined by energy dispersive X-ray (EDX) analyses indicated that they
were almost the same: all of the films were Cu-poor (Cu content = 0.24) and Zn-rich relative to Sn (Zn/Sn = 1.29)
when compared to their stoichiometric ratios (i.e., Cu content = 0.25 and Zn/Sn = 1). As reported in the literature,
such Cu-poor and Zn-rich compositions have been shown to have superior photovoltaic performance [2].

As expected from the above structural analyses, the cell made from the high-temperature-annealed CZTS film
exhibited better solar cell property than the devices fabricated form the CZTS films annealed at relatively low
stemperatures. As shown in Fig. 1, the best result was

obtained by using the CZTS film prepared by annealing the 154
precursor film at 600 °C in 30 min, with a maximum “-‘E
conversion efficiency of 5.79 %. In order to improve the G 104 |v,.= 065V
conversion efficiency, further efficient control of E Jsc =14.60 mA cm?
morphologies as well as electric properties of the annealed ~— 51 FnF Zg'%%
films are now in progress. *% . :
c A"2 T T T
(0] 00 0.2 0.4 6
1. S.Ikeda, M. Nonogaki, W. Septina, G. Gunawan, T. ° 54
Harada, M. Matsumura, Catal. Sci. Technol. 3 (2013) E Voltage / V
1849-1854. 5 -10-
(@]
2. M. Espindola Rodriguez, M. Placidi, O. Vigil Galan, V. -154

Izquierdo Roca, X. Fontane, A.  Fairbrother, D. Sylla,
E. Saucedo, A. Perez Rodriguez, Thin Solid Films 535 Fig. 1 J-V characteristics of CZTS solar cell made from
(2013) 67-72. CZTS thin film after annealing at 600 °C in 30 min.
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Research on the optoelectrical property of electrodeposited Cu,ZnSnS,
thin film solar cells

Feng Jiang*, Shigeru Ikeda, Takashi Harada, Michio Matsumura

Research Center for Solar Energy Chemistry, Osaka University, 1-3 Machikaneyama, Toyonaka,
Osaka 560-8531, Japan * E-Mail: fyjiangfeng@gmail.com

Kesterite Cu,ZnSnS, (CZTS) is a promising material for the application of solar light absorbers
in thin film photovoltaic modules because of its earth abundant components and high solar light
absorption coefficient. There are a lot of preparation methods of CZTS thin films and devices have
already been reported so far. Among of them, electrodeposition is considered as a good way for
the fabrication of CZTS photovoltaic devices due to its cost effective and environmental friendly
advantages. To date, electrodeposition technical for CZTS thin films has been well studied
because of its merits of low equipment cost and negligible waste of chemicals with utilization
efficiencies close to 100%. Recently, Ahmed et al. found a significant improvement in
photovoltaic performance of CZTS solar cells by utilization of a moderate preheat process for as
electrodeposited metallic stacks: finally, a CZTS-based solar cell exhibiting more than 7%
conversion efficiency was obtained by sulfurization of the preheated precursor in a short period.
Although the primary factor of the preheating effect has not yet been revealed in a preliminary
study, these results motivated us to find truths or the relationship between high efficiency
photovoltaic performance and structure, morphology as well as element distribution
transformation in precursors/CZTS absorbers. Interestingly, we obtained some good information
and found several interesting and excited scientific tendency for the fabrication of highly efficient
CZTS thin film solar cells. As a result, all of the photovoltaic parameters significantly increased
with increase in preheating duration; one of the solar devices based on the CZTS films derived
from the metallic precursor preheated for 150 min gave the best conversion efficiency of 8%. To
our knowledge, this is the highest reported efficiency of electrodeposited CZTS-based solar cells

so far.
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BEFRESICE S CuZnSnSs XIZEE MDD IILFE~DREE
Effects of electron irradiation on the optical and electrical properties of
Cu2ZnSnSa solar cells
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1. oI

TRATT4 FEIDFEREEZ H D CuZnSnS, (CZTS)KFEMIE., & - R FEMN
BRENTHEY., RRIRBO/NY KXy y THAKBEMIZE LT 1.4~16[eV]IZHELTLS
:&bB\mﬁﬁwﬁﬁkhaﬂtbfiﬁéhfméﬂ]CHS&UE(#Bﬁnﬁ%é
N TL3 Si KIBEith+° Cu(In,Ga)Se, (CIGS) KIEEith(d. KBS, SRELT. WEHRES %L
ENRBICEZLIEHMBIZOVTHAEINTH Y. ERLICHT 2RIREN - EEMEDIE
BEEoTWS, —A. CZTS KIBEMD Lt - IREBEMHEICEAT 28|EFIETDLEL, ThFE
TEAE, MEHR(TILI7HR - AE - BEFHR - 70 F2)RBFEFD CIGS KIFEMPZEN
BT HIREBEADEEICOVWTHAERELTER[2, 3], KX#ETIE. CZTS KIEE DL L
BEZHAEL. TROEERTORRZH#HE LRHAEEHORLEEZBETE—5& LT, CZTS
AKEEMICEFRBHEZTL., BILEBELREADEEIZTOVWTHEL.

2. REAE
Mo/SLG Eix EIZR/Nw A - BRIEETHE LT CZTS FE®M LIZ CdS £ LU ZnO:Al % H#
BL CZTS KIBEMFEE Lz, TOREFHRE. BHIRILY—% 2MeV]. BiE%

1x108[cm2]M 5 2x107[cm2|ETEL SR LIz, ThoDEILICH L. EFREHRIE
NERIEFEAVE—FURE, 74 FILE Ry VXK, J-VAIEFITUOLLERET LT,
3. RERHERRUER

CZTS KIGEMDEFHRBHEICN T HHAMERE Voc. BEIRERFZE Jsc. RENE DR
SRTRICEITAZEIEDEESZHRBIELTR1IZRT, JscBEU N A 105[cmYBEND T ILT
VANBETLTWS, —A. VoclTKRELGEIRF LGN o1, BED Si KIGEMDIHE TR
B2 10Y[cm2IBEMN DS Jsc B XU n METHEILE=FELET S L. CZTS KIFEMITIEFE
Btz LT ED Si KIEEMD 10 ZEOMAMELHZIZENTEEIND, =, Voo
DEENELS Jsc DAETLTWLKIERAH S Z EA D IRIRTIF CZTS NILY B DR
MMEWL=&, pn FEKL Y/NILTEMNEIZEIE
T EHIERICHDZENTEREIND,

(@]

#ize < 1.2 o v ]

AHREIE, FFOEEERFALAFRE L 5 1.08c--0---t--FR-mmg 00
Tiibhtz, FARO—BIE. RRBRAFR o 08F ™ a4
AFRBEABXREFRDA. BLUTU— o | RV
vat—IT4—HREUE—OEHEZT N e,
= 3 04¢ 9 ‘,*4.,.% .
S& 3k = 0.2} T, Jsc
[1] H. Katagiri et al., TSF 517 (2009) 2456. o ~ A e

0.0 :
[2] M. Sugiyama et al., JJAP 49 (2010) 042302. 1015 1016 1017 1018
[3] Y. Hirose et al., TSF 519 (2011) 7321. FLUENCE [ cm2]

4] M. Yamaguchi et al., JJAP 35 (1996) 3919.
4] 9 (1996) B 1 CZTS KBt LD
BB EKREFNE
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Cu,ZnSnS, XEZEMICH T3 EMEMEBME & XERINEDFE S 1EFT A
Evaluation of interface adhesion between absorber and Mo back contact
in CuZnSnS, solar cell
UanEARY OFH EiE ZRHE BN, BEE K&, £ &&

Ritsumeikan University ONaoki Ashida, Keisuke Morita, Daisuke Hironiwa
and Takashi Minemoto  E-mail: ro0010hp@ed.ritsumei.ac.jp

((ZU&IC]

IR7E Cu(In,Ga)Se, ABBEM (& 20%L_ EDENRAZER L TULBY, U U, #8TRCL 7 A4S
JLTH 3 InSe ZADzs., FIK TW RICEEFRIENMLRESNIHE,. TEMRBOENEZEIN
TWB, ZCTEEHEINTUWLBDN CuZnSnS, KIFEM TdpD. CuoZnSnS, (CZTS) #8HE. In,Se
REDL T AL ERBNVROE, RIMEEND 10°cm™ BEES <Y, HE2HHEREABEEBO
BENIMEOEW D, IRIEAKIBEMDARINVE & U THEFESNTLS. UL, KART
(& CZTS E(C CdS #EfE#&. CZTS/Mo RECRIBE I D EZEMBER LU TL\D, T TERBEMHGFT
BARUTE Mo SBIR E(C. CZTS BRRZMIER T D & T, CZTS/Mo FEDRIEERS LEZ 5T

(RERAE]

KIAFTTIIERRDFZHGFTHRIELZ Mo BIE L(C CZTS BRZFRASEIEE. CdS HERD
CZTS/Mo REDEEMICDWVWTEMEI LTz, Mo FBEDRKIR(C (& RF ¥R O\ H U >
SEICKDTITO e Mo BREEDRKIR(ICH LT, R/\WH U S IEEDEN(W.P)ZE 1.1, 5, 9 (Pa)lCZ1L
SHfE. COESEMEFARUTEES 08 um & Ui, CZTS BRI, Mo/SLG E(C. RFII=%
rO> )\ AU TEZRWT Cu. ZnS. SnS, @ 3 EERIBMAZHESE. Ar+H,S HX
(H2S/(H S+Ar) = 5%) ZRWTHME T D Z &ECKDAZRK U Tz, BIBRARDIEENR(L Cu/SnS,/ZnS & L.
TNENDIRERRATE I D ET. CZTS BIEOHEMSBIEZITD 2. Mo, CZTS SERRDFT(C (X,
Scanning Electron Microscope (SEM). Energy Dispersive X-ray Spectrometry (EDS). Time resolved
Photoluminescence (TR-PL)Z MLz, 7D, CdS ZALFMRHE(C KD T, CZTS LITHIE=E,
ZTDBRORBEOBEREIINFIEMIEZ B TEHMm L.

({EREEE]

X1 T(ESLG E(C WP =1.1,9.0 (Pa) THE L= Mo MFXM SEM &R, K1 LD WP =11,
9.0Pa tEE I D& WP = 1.1Pa DAMERD A XFKEVNT EANDND, AEETIE. WPHE
<RBICHV, BRI ZIMERTDMEREERLUIE. £/oe. WPHE KRBTV, IEREN
BL<IRBDZEMDON DTz, K 2 (C CdS BB DN FIEMIR ClRez UTCBHRZ R 9, Zn/Sn tEAY 0.9
DiBE (A). Mo @ WPICEHD5Y' . CZTS/Mo FRE CORIBENHER SNz, ENITHH L. Zn/Sn
EERY 1.3 DIBE(B). W.P. = 9.0Pa [CHUT. RIBEMNHER SN DTz, &/ EDS DsHfilc k> T,
Zn/Sn H'& <1323 (CHEV, EEAIC ZnS DRENER NIz, L EXKD . Mo BFREFD WP, CZTS
BIRD Zn/Sn b EE< TR EICEKD. CZTS/Mo REDRIB (FHIFI SN Z &R o Tz,

A:Cu/Sn = 1.5, Zn/Sn = 0.9

WP = 1. 1P;a WP =0:0 Pa
p=1/. 3x10 Qcm Lp = Z7x10 Qcm
. |

&
e

e
,*/J‘-ﬂ‘

-

S - ‘ - WP=11Pa

1.8123 W.P.‘C‘ESZH% U7z Mo S&fEMD SEM 2 EFEEMER (C K DRIBE DB BOMER
[1] P. Jackson, D. Hariskos, R. Wuerz, W. Wischmann and M. Powalla, Phys. Status Solidi RRL 8, 219 (2014).

[2] K. Ito, T. Nakazawa, Jpn. J. Appl. Phys., 2094, 27 (1988).
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PLD #IZ & % Cu,ZnSnS, EREDOHERE I K OFHE
Deposition and study of Cu,ZnSnS, films by pulse laser deposition
FEET R, KRKBET? ¥EIHANL, =Wz, WHER? WEfst !
Chiba Institute of Technology®, Osaka Prefecture University?,

OYusuke Watanabe, Hiroki Miura®, Yong-Gu Shim?, and Kazuki Wakita®
E X —/L:s1372046JG@s.chibakoudai.jp

1. I8

CuZnSnS, (CZTS) I, ZDOHERKITHR AT
R, AmLREaEd, H15eVORY R¥ vy v
7L 10 em™ O SERIUR S A A B T, bR
KEGEMMELE LTHEESNL TS, LiL, B
W= 8.4% M ThH Y, L EWhREE
L7280, @i EREEAFRTONENR DD, K
WHFE ClTm s B O ER 2 B L, CZTS /L2
St (X —7 v b)) ORERY, ZnEFfIHAL
7= PLD(Pulse laser deposition)i (= & % RS &
THZ—H LTI, EREFORBEIZ OV TR
L.

2. EBRIIE
2.1 CZTS /v 7 St DS

CZTS 7V 7 ZifbdbI L EFITEIC Lo TIERL L,
F£ 5N @ Cu, Zn, S OKJEELE 4N @ Sn DR
OB EF U=, ARBFZECIE, HEdbaER el
B[ OINBENEEE 950 °C — &, NNZEAEERE] 48 h, 72 h,
96 h) 2O\ THRETL7=.
2.2PLD ¥EIC & D CZTS #fsfER

CZTS D ERUZIIAMIZE CTERL L 7= CZTS
LA 24— F & LTHWT, PLD JEIC L -
T —H T4 LT T AW EITEE LT, AR

TITEEAERRF O L — Y — B IOV TRET L7z,

3. SEBRAER

Fig. 112 CZTS 73V 7 &k D XRD /3% — > %
Y. KX 91296 h £ MBI 242 &
CZTS &HE D EAHNE L A ETER L2 UL LD =
LB, CZTS &l ORI B\ TER S 950
°C, 96h THESHE S Z L2k v, EHEE CZTS
ZhREmEERTE D Z ERb 5.

Fig. 2 | CZTS #E> XRD /3% — 2 &R .
D LI L—F—FEE % 0.8Jcm?H 5 0.5 em? E
TR SED Z EITL D CZTS EiED BRAH D D
L7z, bz &E936, PLD I Xk % CZTS
DIEFLZ BN T L—F =% 05 Jem® TR S8

HZ LTk, BAODIp CZTS HIESERLT
XLHZENLND. £, T~ HEL SEM i,
A=V RIZOWNTORERE RS AR X —TiRE
T 5.

‘ J 96h |

T

48h
ki WM

JCPDS : 01-075-4122
Lo 1

80

Log Intensity (arb. unit)

1 al N
40 20 ( deg.)60
Fig. 1. XRD patterns of CZTS polycrystals

grown for 48, 72, and 96 h at 980 °C.

20

Log Intensity (arb. unit)

Fig. 2. XRD patterns of CZTS thin films deposited
for 0.4, 0.5, 0.6, 0.7, and 0.8 J/cm? at 5 h.

e

AWFFE D — R IL SCERRF 8 FANT K SRR IS O AF 7
AT AR E 3 (K 25~29 45 No0.S1311004)
DI ZZ T CEBSNT-.

2% LR
[1] B. Shin, O. Gunawan, Y. Zhu, N. A. Bojarczuk, S. J.
Chey, and S. Guha, Prog. Photovolt: Res. Appl. 21
(2013) 72.
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RIER R L= Cu,SnS; ERIZH(+5 Cu/Sn #AR Lt D 5 % 582 2&

The Influence of Composition Ratio in Growth of
Cu2SnSs3 Thin Films by Sulfurization

RRERXE BEET
os HH, Elk =— BER 58 ML E
Research Institute for Science and Technology / Faculty of Science and Technology,
Tokyo University of Science
°G. Shi, S. Sato, H. Sumi, and M. Sugiyama
E-mail: optoelec@rs.noda.tus.ac.jp

Poster-11

[IZCHIZ] A%, Cu(In,Ga)Sez(CIGS)ITKH B RIEE D S RIXEH F1EL T, Cu2ZnSnSs, SnS,
CuzSnS3(CTS)RE D#MFEAEEH SN TULNS, CTS KIEE ML 3.73%DHEEMEMNRESNTHY[].
Cu & Sn DHRBLICE > TEBEOERHMELRENENEILT LN MENTIVS, LHL, ML
L& PEROREREOEIIFEANDOEZEICETIREEDLEL, AL CTS KBEEMDEHE
{EIZMITT. Cu & Sn MRS CTS BIROKREKREIZEZ S EE R LT,

[EBRAE] DC R/ RAEKIZKYY—FSA4 LA
R LEIZ Cu-Sn FLh—H%HFE LTz, Cu BKU Sn
2—/7ybDDCH NZEREBTSH LKLY, Cu&Sn
DHREFIE L=, TD%. Cu-Sn TLH—H% S
SERPTMERLEIEZT o=, BRIELI-EIE (L
SEM, EDX & U XRD &ALV TEHEL 1=,

[(HRRUBRIE 1 ITEFRILREICKLSEED
RE SEM EB%ERT . RILBEEEMIEELYT
LAUDKRELGS 12D, BFISRARDZNESL
271z, F£f= Cu & Sn DLLEM 2.0 [TELGEDHEED
B —MENRLGS=A BN ZLRONDEIITH
o2fze CNHDEREIEEELT Sn DFREIZELSE
DfzERHONS, T T B2ITRT KOG B
EZE1TISET.Sn OBEKEZMALLGLAL,. BE
ETRELGIT LA ERETEDLSICLIZ, HH
[F.Cu & Sn OLEENBIRICEZHHZE B
BRILEDFERIZOVTHRET 5.

[(HHIAARO—HIIRFRERKE KEWR
AT NAAMEHA. KEXFKEHAREN
. RUOT)—2 &E—TTA—HAR LV I—DiE
BhE=+1-,

[&Z3c#] [1] A. Kanai et al., EU-PVSEC 3DV
2.17.

TEMP. [°C]

HT-A
520

400

RT L

TIME [min]

2. ZEBRItOREE -V R
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Sn AR BRELEE AW 2 Cu,SnSs YeIkINE D /ESRL & 374
Fabrication and characterization of Cu,SnS; absorbers using Sn vapor transport method.
MAREER REIE O, N B, BERE ONEH, EOEE, Zor &l
Ritsumeikan University H. Uegaki*, K. Kosaka, D. Hironiwa, Z. Tang and T. Minemoto
E-mail: ro001lip@ed.ritsumei.ac.jp

[iZTHIZ]  CuSnSy(CTS)ik, MR ICEEICHAET H R THRIN TS, BIERET SN T
W5 CTS KIFEMOD RS EHshRIT 37% TH D . ZOEOEHIHIEIL 1.0 eV Th 5, W Laom
KEGEMDOAR b AL E LTE, ZHIEEO/NS WM BRI E S, CTS 1320 E L ThIT
LD, Cu-Sn FIBKARZ AL /KBRS T CTELEL L CTS 2#1ER L 7=85A. BEFICARA RN TE T
LEIEWOIEEND D, ZOJFRKIISISERETO Sn FbYOFHEFE TH H, AFERTIE. Wik
HZ SnS 245925 Z & T, RA KD CTS I8 O /ERNCER Y fHA T2,

[EZBrNZE]  CTS KEFEMOREEIL, Al/ZnO:AI(AZ0)/ZnO/CAS/ICTS/IMol Y/ — & F A 1 T A(SLG)
& L7z, £FSLG LIRSz Mo @ BT, S+ E— AZEIEIC KD Cu-Sn BIBAZ B L 7,
ZOERL U HIBRIARE | 3 Y — R AM A L S & SnS & HCEVLEES 5 Z & Thik 21TV, CTS
I 2 F T 5, fifbRFCIE, BRI S R, AT SnS Bk, TIRICHTEMAZZE L. S B
KOIRE % 215°C, SnS MK DIRFE (Tsns) % 565°C & 765°C @ 2 544, Cu-Sn RilBEIADIRE % 565°C &
LTW5, {ERLLU7= CTS el X, v A S X BRIEIHT(GI-XRD) & FIV TR L 7=, K& %
ERIT 2 B%, $£9° CTS JEWIUBIZ KCN = v F > 7 % fi L, {LFEHHIEIC L > TRy 7 7fEeied
CAS AL, RE¥ 7 X ANy Z Y U 7EIZK > T, gL LTZnO %, #WPEEKE LT
AZO ZIRIZRL LTz, IS, Al BREZIRPUINBVEEIEIC X > T LTz, £ L TIER L7z CTS
KEGEME % B E-BEREO-V)E AW CHEZITV. ENENORMEITE T 2 Rk il 2
1T-o7,

[HERLE£] 1L ICENZNORULEMETIERL L 72 CTS YW@ D GI-XRD(X #R AN #=2.0°)
DRERE R 7T, Tons: 565°C Tl 27° fFUTIZ CuS D BRI STV D DITKE LT, Teps: 765°C
TIX CuS TR SN Ty, ZOHH & LTI, Tos DIEE EFIC XD Sn ORI L, CuS
ERUG L CTS BB S NT-720 CuS NEL po 7o b D L EZ BN D, RIZENENDORALSAM:TIE
#1172 CTS KFGEMD IV Rtk E | X 2 1279, Tens : 565°C TIXEHALNRING BN/ T2 DI K}
LT, Teps : 765°C TITEHZNHR 0.8% A = L7z, ZAUE, Sn fAGEDOHNNI L o AR, 5
BRI RDOEBIZ LD LD EEZ NS,

&40
€20 —— T, :765°C
Ef‘i Z EZO i —— Ty :565°C
- EO = \
g L G0
= A Te o : 765°C <
£ UM Iy, 765°C S}
z S20 |
£ ‘ | Tgs @ 565°C o
g L TR o M 5-30 -
=10 20 30 40 50 60 70 80 90 040 1 1 1 1 1
20 (degree) 02 01 0o 01 02 03 04 05
Voltage (V)
1. GI-XRD(w=2.0°) (Tsns : 565°C, 765°C) 2. CTS KM D J-V FFE(Tsns - 565°C, 765°C)

23 3CHEK [1] H.Araki, et al. Grand Renewable Energy (2014) O-Pv-5-2.
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Bilayer phenomenon during fabrication of Cu,SnS(Se); films and
its impact on secondary phases in resulting films

Z. Tang"™, Y. Nukui?, K. Kosaka?, H. Uegaki?, J. Chantana?and T. Minemoto?

1 Ritsumeikan Global Innovation Research Organization, Ritsumeikan University, Japan
2 College of Science and Engineering, Ritsumeikan University, Japan

To further decrease the cost of compound thin-film solar cells, semiconductors composed of earth abundant elements
are encouraged to explore for photovoltaic application. Cu,SnS; (CTS) and Cu,SnSe; (CTSe) are intermediate phases
during fabrication of rare metal free and promising absorber of Cu,ZnSn(S,Se), (CZTSSe) for thin-film solar cells, and
they are easily residual as secondary phases due to the narrow stable region for preparation of pure phase CZTSSe
compounds, which is harmful to improve the open circuit voltage. Meanwhile, CTS and CTSe films are considered as
candidates for bottom materials of tandem solar cell due to their suitable optical band gaps (around 0.8 and 1.0 eV) as
well as high absorption coefficient of larger than 10* cm™. Hence, to explore CTS and CTSe absorbers for thin film
solar cells are necessary. The main problem for fabrication of CTS film is the evaporation of SnS, which results in the
discrete film. For CTSe film, secondary phases of SnSe and SnSe, are coexisted with CTSe phase independent of the
Cu/Sn ratio in metallic precursors.

In this work, the reaction processes for formation of CTS and CTSe films were investigated by by grazing incident
X-ray diffraction (GIXRD) and scanning electron microscope (SEM) measurements. In both case, the bilayer features,
i.e. Cu-related phases were located on the surface while Sn-related phases were located on the bottom, were observed at
low temperature. Figure 1 (a) shows the cross-sectional SEM image for CTS film prepared under temperature of 300 °C.
It is clearly seen that bilayers are formed. To confirm the composition of every layer, the GIXRD measurement is
performed, and relevant patterns are shown in Fig.1 (b). Similar phenomenon is observed in CTSe film prepared under
400 “C(not shown here).

(b) osns

L Cu,. S

A SnS,
Cu,Sn

O

Penetration depth

Intensity (a.u.)

of o

25 30 35 40 45 50 55 60 65
2 theta (degree)

Fig.1(a) Cross-sectional SEM image and (b) GIXRD patterns for CTS film fabricated under temperature of 300 C.
Further increasing the temperature, the CTS phase is formed at the interface of Cu,.S and SnS,. Owing to the
evaporable property of SnS, the evaporation of SnS is simultaneously occurred with the creation of CTS, which results
in discrete CTS film. For CTSe film, Cu,.,Se reacts with SnSe, to form CTSe phase at the interface. The SnSe, located
on the bottom cannot react with Cu,.,Se phase located near surface due to the weak diffusion ability of SnSe,, which
leads to the residual phases at the bottom of resulting film. Based on GIXRD and SEM results, the growth models
(shown in Fig.2) for fabrication of CTS and CTSe films are proposed.

® S & Se @
U Cu,_S (Se)
2-x
Cu-Sn wep  SNS, SnS, (Se)
Mo Mo
@ Cu,SnS, l
OO, CTS ®
e Cu,SnS :ﬁ:)s S
_ u,SnS; u,SnSe;
Cu, Se SnS,+SnS & SnSe, + SnSe
C::"S:ie; CTSe Mo
Mo

Fig. 2 Proposed growth model for fabrication of CTS and CTSe

“ Corresponding email: tangzg@fc.ritsumei.ac.jp
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FE—REEHEIC K S Cu,SnS; XIS Eth#4# D ZZ4#8-F R bR D FT A

First-principle study of defect formation in a photovoltaic semiconductor Cu2SnSs

H. Nishihara, T. Maeda, A. Shigemi, H. Sakakima and T. Wada/ Ryukoku University
FEARTFET VHEOLFI, FTHE, ZE=R, ffEE, fmpE

Cu2SnSs (CTS) 1F CuaZnSnSs (CZTS) B AFFDOARHMMM & L CRHE SN HILEW TH D0, MEED /D ik %
EERNVTZDH LWKBEEMAMEE L THER ST 5, fEEIC OV THAWAEmNH o722, ZnS BN
T AREINL & FEANEE & 32 BACHRER (CIC1) OEEFRESZ LR LNE - TWVWA[L, 2], Cu, Sn & B
HEREZ A 8D ST EAL, Culd 2 FE¥H, Snid 1 fHJH, SIX3FEFH (3Cu & 1Sn L#ELT 5 2FE%HE, 2Cu & 2Sn
EREAT D LR OFFEMBMERSH D, N RX v v 72 0.87eV E/NS WD EZHATRKEEMOAR N Ak
VAR R R e L THIRE STV B[, 2], 2 2 T —FELHREIZ L Y CusSnSs O ZE#E T SURIE D L
FNNX =N FMEEDOE N, BT RO OJRTFOBE e 82N, CulnS: 2L L CiEmT 22 %
BHyE Lo,

FHEVRIISCRB] THW O - Hik LRI U T, HEPBIKEEMIC DWW i SR AR 7 o v v RS — L
AT e T A THD CASTEP 2 W7o (ver?. 02, ZZHAHBYTEIZ X LTI GGA-PBE #TfEl, FHEOI v A4 7=
FILFE—IL 500eV), 96 HDFEF03572% 16 CusSnSs DA — N—F /L ZE x| P TEM 7 6 FEEO R 7
Z 1T RN TR RIMEEIEY 5 DR NE b A==k e L, 2RO ERITETE LT, 221
RO OESEHRT 4 H L & HIZEN O 3ET DOH 2 TR 7 DA 7 16 B DR T D2 A7 L T
DL EITV, A—R—E /L DL RXNVF—E 52 RDT, T2& Z21E Cu BHLDOER =R LF—(T,

Er(Vew) = Er(CugiSny6Sag) — E(CuzaSnyeSas) + teu

TRDODOND, T2 Tugeld Cu DILFERT o LV TIEFRREREIC K VBT 5, CHRIC L7223 > T Fig.1 O X
5 7R 3 L RIRIER ZE %, FHEPRIEICH D 1~5 DZ SICB T A ITLEDOLFERT vy VRO TLELD
ERTZANVFX—ZF M L7 & 2 A Fig. 2 DX 9 RFERNE LTz, Cu BAOARK T RV F—]T Fig. 1 T Cu OTEM
MBS Cu iR DD 2,3,4 TEL 721, Sn ZZHLOAER T F/VF —1F Cu L Y K& R RpixcEicl
WEEBZ LD, Sn OTESNLEENT- AR 2,3 TERLS o TWD, S OZERET-RIBIXFERRIZTAS S 2> BN 72 5
1, 5 EL 2o TV 5, 2D DKL CulnSes 12815 3 THEDOBA[I LB TWD, ZDEFFETIE CuS D
ARV ZVE—RNIEL 2 ) REHRO T CuS DET FNX—TAEKT V #L B —DFEERMZ AV THiIE L T
%o MSUTHE SN T D CueSis 2 AWV T XV 22— FHEHFE IS T 2R A > THET 2,

FEE I LM T RGN TE D & 2O ZHD 5720 Y O TIXZEH T 2> TBEIT 208K TH
5 EEZ B, CulnSes DGAZED X ) RFEMENE LN TWVD A, CuSnS3 2B WT Cu BN kIT 7254, B
D 4EAD S IIERZERE T RUTATS A, 2D Sn LFEA LTS TILERIND LW ) HEMENE LN, Tt
Cu-S DFEA LV Sn-S DFEE RN =D EEZ HLD,

Cu DZERET-RKMaN TE B E DN FISEX R OGA L TEHMEL 2, MET Y RigEio 7 =
VN DOE EICE T OIREBEENRN, 77872 —HUnTEibotEZLNS,

[1] T. Nomura, T. Maeda, K. Takei, M. Morihama and T. Wada, Physica Statu Solidi C 10 (2013) 1093.
[2] T. Nomura, T. Maeda, and T. Wada, Jpn. J. Appl. Phys. 52 (2013) 04CROS.
[3] T. Maeda, and T. Wada, J. Phys. Chem. Solids. Phys. 66 (2005) 1924.
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Fig.1. Schematic phase diagram Fig.2. Calculated formation energies of Cu, Sn and

of ternary Cu-Sn-S system. S vacancies in Cu2SnSs at 5 points in Fig.1.
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LN Tin(D) Sulfide KEFEME 7+ MV IR v BV ABEICE X HHEIZOWT
Effect of annealing temperature on Tin(Il) Sulfide solar cell performance and photoluminescence intensity
SRR OIS, /IefEL, ZEoEs
Ritsumeikan University QY. Kawano, Y. Kodani and T. Minemoto

Phone/Fax: 077-561-4836, E-mail: ro0000hh@ed.ritsumei.ac.jp

LT A Z NV W KB R O SER BT B & LTI 45 | Tin(ll) Sulfide (LT, SnS)
BT 1.3eV[1] O Ry v 7 %260 p BERTH Y | @O IERINRE A FF Ok C
b2, SnS HEEKGEMICK T DEBRNEOREF TR OENE DT 4.6% (Jsc=22.6
mA/cm?, Voc=0.39 V, FF=0.53) [2] 23#iE ST\ 5 —F T, L& R & L h3R~F e
THITIE, BERDHMIENMLETH D,

AMFFE Tl B 227575 1412 7C SnS f55(2000nm) Z Mo 2 7 B4 (800nm)/SLG Fibk 12 HEFE 1% |
CdS /3 7 7 J&(50nm), ZnO ZJE(100nm), ZnO:Al,05 7% HE FEF(300nm) &2 HEfE S &, % #
FHK FICTEWEZ ML, ZOBWLEENR T + MV 2y A & KGEMFEICS
2 D RBOFHE 21T - 7o, B0 H UEMIZIEZARE Lz Al(250nm) % v 72, 74+ FLI Ry
2 A1Z1E 532nm DEhiE YA VY, 2.08mW OFEFEIC THIR TY > 7 ~BE LT,

AR OFERTIE, SnS DA TIL PL B BIEZ SN o T2 h3, CAS Ny 7 7 & & HEfs
TOETPLINDBIEE SN, 2D LiE, SnS Kl TOEFA N CAS /N> 7 7 & % HERE
LEEFICIOIH SN0 THD EEZTWS, -, Bl ST PL3GIRE L, Bl
BREIC KV EVWIBEIN, SRIOMGFCHEOLNZ PLELIRED O b &b @ik
B BNTZ DT 150°C (2 CTEMLUEL 21T~ 72 SnS KB TH D . T o0 d 5 B
FHOR TR E WAL FEEZ R L 4.0E+04
72.SnS KI5 O BVLERS A & —E L
7o F7z. 200°C DL EOELER A N %
72 SnS KI5 I Z ORHEDIR T A3
BINTH, ZOMA S PL FEGIRE
DM E —F LTz, ZNHORERND
SnS KEGE#IZIH W TH, PL %‘éﬁ‘é%ﬁf

tf

»»»»»»» snSonly
3.5E+04 | - wo anneal

— - = 500C anneal

3.0E+04

1000C anneal

2.5E+04

T1500C anneal

— - — 2000C anneal

2.0E+04

----- 2500C anneal
1.5E+04

1.0E+04

PL intensity (arbitrary units)

5.0E+03 |~

& RKIGEMFFEORNZEBRENH D 0.0E+00 = P
HLDEEZEZ LD, 1000

Wavelength (nm)
1 BSLPEIC L D SnS JEWUE O PL JEATHRE D

BEIR
[1] P. Sinsermsuksakul , J. Heo , W. Noh , A. S. Hock ,and R. G. Gordon, Adv. Energy Mater. 1 (2011) 1116.

[2] P. Sinsermsuksakul, L. Sun, S. W. Lee, H. H. Park, S. B. Kim, C. Yang and R. G. Gordon, Adv. Energy Mater. (2014) 1400496.
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Pk R EEEE AV 2 SnS SERIUE D /ER L BT
Fabrication and evaluation of Tin(II) Sulfide thin film absorber
deposited by trainsublimation method
SEAEE R o/ EL, B 1K, 2T Ak
Ritsumeikan University oYuto Kodani, Yu Kawano, Takashi Minemoto
E-mail: ro0013xi@ed.ritsumei.ac.jp

[TUic] HiE, EFERBERE L THER ST Cu(In,Ga)Sey(CIGS) L, 20%LL EDZEH#ih=
MER I TVDED, INRSe L WNolo LT AXNVEEF/LTNDZ END, R TW BRI A FERBLA LR
L7256, MEOMBNBRESND, £22 T, AFETIEIL T AZ LT Y —HOT iR TEVIK= X M
WD D Z &5 SnSIZEHR Lz, SnS X KB O YERINEOMELE LTl L=k EFio Tk v, H
IMAHNER 25% 0L E[1]TH D, L L, BIEARBIIEE CTORGETIER L7 SnS ME RS & ith o £ H#a%)
RIIM 2% L (RWEHNRTH D, £DO—2>DFIF L LT, SnS powder(3N)IZ 5 F 415 AHli# (Fe,In,Pb etc)
WERRTHD EEZ D, AW TIIMEFFELE A FAV T, SnS ERINE O &R 2R T-, 77, R
B Z #1195 2 & T SnS il kiR 2 R S Jsc A i LA R Z M L35 2 L AT,

[EZBRNE]  SnS B KMEMOHEIL, AlIZnO:AI(AZ0)/ZnO/CdS/SnSIMol Y — X 5 A 17 5 A
(SLG) & L7z, 1ZU®IT, SLG R &M= Mo O _EiC, #EEF-HEEIZ LY SnS SelN)E 2 Ak L
7oo WEIEFIEEOMENG X % Fig.1 12779, SnS powder % & 7= Zonel DiEJE % 615°C, HEAE £ Z
& &AM L L= Zone3 MiEE % 315°C |Z[&E 7 L . Mo/SLG £:4 % & < Zone2 DR JE % 335°C /> 5 415°C
FT20CHATEMSEHRE LT, ZD%, {LFHTHIEICE > TNy 7 7@ & 705 CdS Z AL,
RF~Z7 R b ARy ZIECL->TC, BELRD Zn0 %, BWEER L LT AZO ZIBIZERK LTZ
#%. 150°C DT =— VALBR(N, FIHR) % 7 o 7 INEERE I Thti L 7=, ki, Al i A IRHUMEA S
FBICE->THEE LT, 2oL &, (ERLZKBEROZ MO ERIL 0.12cm? Th 5, TINEND5EM:
CYERLL 7= SnS #f5E 4 | Scanning electron microscope(SEM) & X-ray diffraction(XRD) % FV > CaFAf L 7=,
F7o. ER L7 SnS BRI EM- BV, BIEEELREQ-V)E AW GHE 21TV, EhEho
FEMGREE DS SnS R KA FEM T 5 2 5 B OV CRRGE L 7=,

ERELEL] SEM L0, HAREE OISO SRR OB K3 R S 417z, XRD L0, 4
T D SNSp, SNeSz DREFRIZ ST, FEMGEE OBV, HEE OB R TE 7=, ThTh
DOFEHGEFE TER U7 -V BPE% Fig.2 ISR 7, FEMGEEE 395°C O & & e b i WA =R 0.94%73
R E T FEMURE BRI O AR DI RIZ L 0 . SnS DRI Tl &2 43 2RI+ % = &
MTEIZ MBI BHEL, ZHUTHEWEBNRNM E L2 EBNF 2 5N5, 5RO SRR
DD HREFFEVE & D 72 72 J71EC SnS YR E A pRIEE L T b AHFIEE TOZEETE TIERL L 7= SnS
NSRBI & [R50 & A F— REEZ R~ 2 Lo Tz,

40.0

! —335°C
< 300 | —355°C
£ 200 —375°C
= 2 —395°C
TR i £ 100 —415°C
Sn$ 2 00 p==—- + AN ——————
owder n
Mo/SLGE:AR p? é -10.0 :
Zoneg  Zomez Pl 2200 '
o |
5-30.0 :
-40.0 |
-50.0 l
02 -01 0 01 02 03 04
Voltage(V)
Fig.1 #ss-#Evs MG Fig.2 #sH-3EVEA V72 SnS KBEEML D J-V FE

%% CHR[1] S. Siebentritt, et al, Sol. energy mater. & sol. cells 95 (2011) 1471.
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757z BAREROBIEKEE G

Graphene Transparent Electrode for Thin-Film Solar Cell application

Bl Z4E Ryousuke Ishikawa!”, 13 = Nozomu Tsuboi’,
21l BER Yasuyoshi Kurokawa®, =& T4v Shinsuke Miyajima®, /MR35 Makoto Konagai®®

L B K Niigata University,
2 B T3 K% Tokyo Institute of Technology , *  H AR fR = BILEEHE Japan Science and Technology Agency

1. [FLHIS -
TI 7z dmnkx UV TEBENE LOLE R SOk |
Pea b b, RIED I THERL SN 5 720 JEHE IR O BT S '
HETRBHEERME S L TR S TWA 1], FEBRIC
7T 7 2 BREEREGET DY) o KGEMIC
BOTEWHBEEEZ R LT, X 1320777 = EW
HEM A BRIV E RS YR EM (CulnS,
Cu,SnS,, SnS 72 &) DRAEITWMY A TV D, RBFFETIX
BMEBEICKREL BB L RIET VT 7 = - RINE DR

HIRBEIZ DWW TR,

2. BB A =S

B2 S HE RS & I CHRE Lic A ¥ v % 7592 ]
1000 CCENEL TS T 7 = VAR LT, WICHE L HEVE-FRIE AR Al o> 45EE B
L7277 72V B TOFIETH T AFER EICIRE L
e A a—X—ZX Vo7 BIZTRY AX 7 U )v
g A FRE (PMMA) %iR(10 wt%)% 4500 rpm AR
U, R T » = AV WOR)IZ K 0 Sl & = v 2000 =
V7, BELE, TOPMMAIY S 7 = LR Y — X5 A Z
LT AFMNCERE. L7212, PMMA 27 % o THE
FTHZLIL LS TY T 7 = U BEEE A (FRL L 7=,

SfE & —47y hRISEA Ry X EHNT, VT 7=
U2 CulnS, #iEZ Bl U7, FAREE X 450 °C, HEIX
10 Torr #2EE, Ar 43 E1% 4.2 mTorr, CS, 4 A 43 1% 5mTorr
L L7, Cu KON In Z—74 > b *FaiCoRpfE i REE
(towtin) & 3:4 THRERFEIX 2h & L7z,

CulnS,-7' 7 7 = R OBRSFEITE 1 IR THARE
iR 2 I U C BB FERRIE & FFA L 7o, ABFIETIE S, N AN 4 S
F— v 7BEME LTEN—Z FEB-> THIEEIT- T2, 10 20 30 40 50 60 70 80 90

20(deg.)
X2 777z BIC/ERLL7Z CulnS, #D XRD 784 —
> W% CulnS, ® PDF 7 — % (PDF#47-1372)7 & Al i€ L 7=,

+—suoERE

"
S
=

1000+

5004

X-ray Intensity (cps.)

-4 (024)
| ¢(132)
- 4(224)

3. BRLER

EATE T BMBIC LA BEO/RE, 2hox Xy 2T
#.0.5 um @ CulnS, HE FEAE M B < B)— IS v Twn
LT EDHARTE,

WIZ7 T 7 = BIZHIE L7z CulnS, #ED X BREIHT

(XRD)/$# — > % [M 21277, [ 2 £ V) CulnS,(112)7> XRD 0.4
E— I BEEANZEHNTNWD Z E0h, 777 = EICh 0.3
[EED B CulnS, A RE TE 722 LS bino T, 02
CulnS,-7 7 7 = @O Efit-EE R A X 31277, E 0.1
43 L0 CulnS,-2' T 7 = FEiREEIT A — X » 7 Bz =
T TWD 2 L vbn D, Culns, KMy L OB L L g 0/
TOERWRT ¥y L EaRET=, BUE, CulnS-77 7 = = -0.1
CREREDOA— I v 7 HOREE R L EROFE” 5,
LR LTV, '
-0.3
4. SHEOEE 04
BUE, 777 = & BEMICHW CulnS, KEGE& /L 54321012345

ORIEEED TV DD, 5% ITEAAERISGMOREL 21T
W, 97 = UBEREEROG A ERTE &b,
RS KB A~DIS A Z D TV X 720,

Voltage [V]

3. CuInS,-7' 7 7 = » FAJE N O FE - B

SE X
[1]. Ishikawa et al.: Jpn. J. Appl. Phys. 51, 11PF01 (2012)
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FEF—7 Y XSEHHETRR 7 YWwiE &5 p 2 NiO RO VSIS Bt

Preparation of transparent p-type NiO films by reactive-sputtering method
using the facing target system and their application for thin film solar cells
HAEHO, SEARR—O, BAREZRO, A)l5EhY, MARO, FEHEO
(LFHR R, QAR HEE LR F R
Yasuaki Furuya®, Ryouichi Araki?, Takahiro Nomoto?®, Ryousuke Ishikawa?, Tamotsu Okamoto? and Nozomu Tsuboi’
1. Niigata University, 2. Kisarazu National College of Technology

1. (FEHIS BHEEMERETCONIRIZ n TBEA L, BHEME LUAISHAINTWS, —7%, p ¥ TCO
%, nJE TCO IZL~NEEMENL > TEY, nfETCO L DMATIZEDBATL 7 hu=r ZA~OILHIZ, K
T p TERBMIERA~DISHZEDB N D, ZOMERE B2, NIiO IZBWT, RF< 27k b 238y Zik
12 X B MEGSINA]36 KO Cu HIIERR[2)1C N %, PLD ¥EIC £ B2 RN L O Ag USIITERR[3] T p IR EE L2 F
T5HZENHESINTNWD, £, CdTe KIGEHMOD p FEIEAIOEEEMIZ, B —AR BV IZ p 2 BaCuSeF
TR A I CR 3% DOZhRMN A STz[4], AR T, BMESBRTH D Ni DAy X NRE T, HERE~OR
TR BEhL T ZE 4 A — Y OMHIN AR S D 5tm &2 —7 > RS EA Sy Z3EE VT, RN, Ag ¥s
IR O} Cu #INNIO D /ERI A3 7 7=, £7-, CdTe KByEMOER B L LT NiO MIEOIH &k 7-,

2. BEOER R NIO KL, 02100% % 721% Art02(2%) D EUSHEH A 4mTorr (28T Ni ka2 —47 > b %
T, G50 7 A5 BIC/ER U7, Ag O Cu iINTEREIE, Ar+Ox(2%)SUEPEH A 4mTorr 123V T Ni & A~
M(AG E7213 Cu)D 2 DKM Z—5 > MNETEREZFEES TS Z L&Y, Ni & iz RAESREIE 5
Z LI VERI U7, FARIEE T 30°C K N 200°C, BRI 0.4~1.0um & L7z, F£7-, RNH(Ag £7213 CuiREIEAE
HHERER I L 2 HIE 5 2 & T 1~2%FERE & L7z, £7-, glass/ITO/CAS/CdTe/NiO #1&E CdTe A%, s
e LC Cudsing—mR Db IZ NIO Jg&E WD Z & 2FRE, BE RG] & I F R 7R CERL L 7=,

3. EEDFEMIEREEER  IARIENNESA:(~30°C) TOEELRN, Ag NI O Cu HIN NiO #iEo X #ElH (XRD) /<
K —2aENENE 1@~ T, TN TOERT NIO ok 5 ¢

=2 DHBFTND Z LA 5, FHRITEETIE O 1 AR T oo 0100 (@) undoped
£V XRD ©—Z7SREESHINL, (111) B Ziif e 725, —J5, Al _[=5crmw . b) undoped
PIRING K 0 ORI, BT (220) BURARE SBERABON, CUlR B~ o

TIEE =2 DLAEIRDHL 2o TNG 2 Emd, itk ko sng, 50Tz 0 ©Aglsan
I DOEFED TR AN F (X 2()~(d) DFHY DAL H A3V 1E NIO £ m CITIREED
D FERET L5 310nm~340nm (3.66V~4.0eV )[1]IZ 5t LTV 5, AR—/L a5 N . . |
HITE Tl 0,100% H A TOMEFANGEEE T 10Sem™(p: 10%em’®, 1£10tm?V-1s?), '@ [200°C 100% (e) undoped
Ag FRIHICT 107S/em(p:10%cm3, p:102em?VAisT) T 5 7278, ZDfthod B . 2
W CIRS AN T o, JEHURE 200CTOER, Ag Wisrw P02 [ Ome
Cu ¥R NiO 75> XRD /3% — % [X] 1(e)~ (IR T, IRFEHIRE D 5 007G, 2% . (9) Ag 2.0at.%]
IEE s 2 &, (LD)EM & 0 SRR C B — 7 EiE s B LT : L, .

Z e, FEHGRE T LD REREOR EAVRR SN, £ I b 200°C, 2% ] () Cut.2at%
BEDFHR A I (K] 2()~(h) DRHR) T, IEEBUREE DA & bk 70 70 &0
LC, NiO OFERERIHTONES EARV R L 0 gi<, FHE M EL T 26(deg.)

B ENDMND, B, TNHEBEII I X UKEEMSECTH -7, LLEDRS 1. HARIREE L Op 7 APEEED HL72 2 5
D, Op HAREART R OGEMGRE EFAS, fbdnt & OB E 2w E PR 7= MBI, Ag FINES L O Cu
SHLHOO, HEME T2 ETERRH LN E o7z, ZOFEFHET, YN NIO T BRI XRD /<% — 3,
R & EEmMENERACBIE L QD 2 EARB LTS, F, B @/ NiO#47-1049) > PDF 7 — % [T %t
BAZRWNT, 77 v A ERMAMI(AG £721% COIRING, fEsait k0% LA Z L waRT,

B 200K T S A3 0 5 L 5 IZBbind b oo, REEEEE TH 100

AQ I K VBB ESELG T2 T &SR,
HERRH ) BAF TR RENE DG DNV IBIAMGRE TD O T AR 100%TD _ 80;
HEPIEE L Oy U AYREE 2% TO Ag NIz EimdEM & L7z CdTe K &
Bt aER L2 & 25, TNENIEHNE 6.4%(Voc730mV, Jsc20mA, & 604
FF:45%) } OS50 1.7%(Voci548mV, Jsc:9.9mA, FF:3206) CTho7-, &
DFERIT, T— R BEOEED 153%[6]lC R TH->TND LD, k£ 40
BB p EBRIEEEM S LTO p ¥ N0 OBWET oy Va8
SE5, = 20]
L 2PN
[1] H.Sato et al.: Thin Solid Films, 236, 27, (1993). 0L . :
[2] Y.A.K.Reddy et al.: Mater. Express, 4, 32, (2014). SOOWaV% eorﬁ’gth &n5n9 2000
[3] fihfi] 5 2012 ﬁ*ﬁém%?%ﬁ%@i%, 14a-H7-5. 2. 1(a)~(h) & [7] L aEgshn, Ag TR
[4] K. Yamamoto et al.: Jpn. J. Appl. Phys. 53, 05FX02, (2014). N Cu 7N NiO 00 B mER 2 ~2 7
[5] T. Okamoto, et al.: Jpn. J. Appl. Phys., 52, 102301, (2013). MV, 7ok, ERKRURFNTEN TR
[6] T. Okamoto et al.: Sol. Energy Mater. Sol. Cells, 67, 187, (2001). TRFE~30°C L OY 200°CIZRkbEs LT By

Int. workshop for young researchers on thin film compound semiconductor solar cells (2014 annual workshop of MCSC), Kyoto, Nov. 28, 2014, P18.
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RFEUFZOT47 R332 HRE NiO EIE~AD
Li MK SHEERFEEFRAEBE KEEB RO E
Conductivity control by Li-doping during RF reactive sputtering deposition of NiO films
and fabrication of a visible-light-transparent solar cell

RREMKAE EBI/MY, RILEXFE S
CRIEZE, FHESR, NEREBE, JIHXE, FLFE, BRXER", #£ILEE
Faculty of Science & Technology/RIST, Tokyo Univ. of Science and IMRAM, Tohoku Univ.
°R.Maeda, H.Nakai, A.Ogasawara, D.Kawade, K.Moriyama, S.F.Chichibu*, and M.Sugiyama
E-mail: optoelec@rs.noda.tus.ac.jp

1. [XC&HIZ

NiO (. p B EEME R T EFIFIE 3.7eV[1DEBILMFEEARTHY ., RMETARX vy T8
AHMPELTHEIMTH S, BRE. ZOEFHEEZELNLI-AAXEBEKBEMDEIRICHIT T,
RF R/\wFEKIZkD NIiO ERHEBEEITOTE[2,3]. LALEMNS, FHiZERMLLZL SRS
NiO FBIRIL(ZIFHZEETHY . KEELOEBRBRICAVIGE. BEFIERAKRELG>TLES,
— A XY )TEEFEMIEL5-OITBRRBR BT TRNAVAHELZSE. EAENMETL
TLFEIIEVSF—FRFTDERIZH D, AMETIE. SLVAIRABBEL ) 7HEH #HE
M SHE ST, LiRMNIOERDR/\yatiRE . NiOLi ERZRINEEL TRV =AIRLER
BAREGELDHEEIT O,
2. RBAE

A—yRELT NI £BH KU Li #H00 NiO BEfEAZRAL. RF U7 OT4T RNV ZETY—FS
A LASRA(SLG)ER LIZNIO EEZHIEL-. HRLISEROEMIL. /R—JLBRIE .. XRD HIFE.
KFBBBIFEIZKYITo1z, £ NiO FEHEZFFRLY,
PEDOT:PSS /NiO/ZnO /1Z0O / SLG ®[fR ¥t 518
BKGEMEEZRHL. J-V AIERU QE AlIFE
[ZKYKEGEMDFEZFEML =,
3. BRRUEER

HEPDEEFRIES LL[f(02)=0/(Ar+02)] % % 1k
St NIOBEU NIO:Li #HFEL 1=, f(O)DIEMIZ
U, Fr)TEEMEMLIZ, ST f(O)D N
[ZH-THERYITIRTHS Ni ZRIREIEMLI
fzht=LHBIEN S, £ Li R/ MTHILTHF

N
o

N
o

CURRENT DENSITY [uA/cm?]

0.0 : :
YT EEMEML TS, ChIFLiAANIiZEHL, 0.0 0.1 0.2 0.3
EAABRESNI=T-HEHEREIND, VOLTAGE [V]

RTI=, SIELT NIO RAISEMD J-V #1EE 5 1 PEDOT.PSS/NIO:LiIZnO/IZO/SLG
Y. REBHTIZEVLWTHT M TEHINEE S BEAREhD -V K
Ngont-, B2Iz, BEL-KEEMD QE BIFE
OHREERT RELEABERIZ. T8l
FRURL THRELTWSIENERSNT=, ' s
B 04t S\

ARFRO—EBIE, WIIHEHRMMA, REREE LV 5,\ e
TRERTHAREYR. BE-FACREEE 00 s | S

FHENLR . RREM KPR EAEEEKRESL o2} 12 'S
REFELHMA. RUT— & t—TF—HEE g Z \w

L A—DEBHER T, 01 19|

sEXR Y AR O S

[1] D. Adler, et al., PRB 2 (1970) 3112. 300 350 400 450 500 550 600
[2] M. Warasawa, et al., JUAP 52 (2013) 021102. WAVELENGTH [nm]

[3] D. Kawade. et al., JAP 116 (2014) 163108. 2 PEDOT-PSS/NIO-Li/ZnO/IZO/SLG

BEKBGENLD QE #it
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PLD %12 & % p BB 2R LR\ B8 2 77> BaCuSF RO/ER & 77 ff
Wide band gap and p-type conductive BaCuSF films Fabricated by
Pulsed Laser Deposition
BER RS BRI I8 FlsE. (AR H—. il L Fim PefE
Ryukoku University / T. Kawabe, K. Yamamoto, H. Sakakima
ARHEETIESFFMFR DI M B2 A fk
Kisarazu National College of Technology / Y. Ogawa, A. Hosono, T. Okamoto

[(#55] p M OBHEERILY > T L KR E~OISHNHF ST\ 5, BaCuQF (Q=S, Se, Te)ix
JEVRY RX v TR EFL | p BB 2R3 2 &0 D p BRIOBHEEEOF 1) 7a G & L& -8
SNTWD[L], FxlE, 7V A L—HF—Z&E(PLD)E %A VT BaCuSeF A ERL L | & DN FFESE
LHRFPEZ B L C & 72[2], Z @ BaCuSeF [l % CdS/CdTe KF5E O EmEME L CHEMA L7zE Z A3.18%

DI R DG S 72 [3], ABFZE Tl BaCuSeF O Se % S |2 & #1 % 7= BaCuSF #fi54 PLD ikl2 Lk~ C
FERC L. Z OMFHIRECE R AR E 2 514 L 7=,

[328%] BaCuSF &= 7 X v 7 ¥ —/% v b X BaF,, BaCOs, CuS DR % 1:1:1 DL TIEA L, HS FHHA T
800°C, 3h BERKT A Z LICK VIERI L7, 2D X —57 > MIWE 248 nm @ KrF =% o~ L —H% —% W5
9% Z & C BaCuSF 5% 78 7 7 A B 7 7 AFM IR LTe, FEAIREE (Ts)iE 150°C~350°C D #i[H T4
b H 7, f AR T X AREHT CREE L O R MR L8R8m0 RO 53 6l ¢ B AURFIE 1. van der Pauw
5 CRH L 7=,

[®R] PLD {kic & v 7875 L 7= BaCuSF o 100 | 1
X BEFIRIGE ., DR/ I — 2 B S N [ i
7amote, 4117 Ts = 150°C 75 350°C O Hif 9 S :
WRLEE T4 L 72 BaCuSF RO A7 | g 60 150°C
NRTRT, T TEEB R IR 0 L5 E:

LEBITE Rt B BT PEEE 291
S Ts =350°C O & & 0 59% T ), KA |
1%£3.15eV Th o7, & 112245 BaCuSF D
EREEE R LTz, 42T BaCuSF 5% p Bl

0
300 400 500 600 700 800

- ) — . = R=N PV - el =5 24
KA Z R LTz, b mWBEXUsERIT 304 wavelength (nm)

S — o 7‘ H .
Slem T, Ts=150°C D & ZZfFbiTe, T Fig. 1 Transmission spectra of BaCuSF films deposited at

T, JHGREE 200°C T L L 7= BaCuSF % various substrate temperatures.

RS =
CdS/CdTe KE5HHLO SR wi A & L CHEA L Table 1 Transport properties of BaCuSF films deposited at
7= & 2 A BB 11.1% (Voc = 804 mV, Jsc = various substrate temperatures.
24.8 mA/em?, FF = 0.55)73M5 b7z, B [Ev7 BE| AR | *ruvEm| SHE
[1] H. Yanagi et al., J. Appl. Phys. 100, 083705 O | 847 ()| (Slem) (fem’) | (cm*/Vs)
(2006) 350 p | 088 | 359%102 | 3.28x10"7 |6.84x 10"
[2] S. Yamazoe, M. Yoshikawa, and T. Wada, Jpn. 400 P | 079 9.86X10% | 553x100 | 5.09x10°
J. Appl. Phys. 51, 10NC40 (2012). 250 p 0.70 1.75 246X 107 | 4,40 % 107
[3] K. Yamamoto et al., Jpn. J. Appl. Phys. 53, 200 p |o0e7 2.57 545 101 | 2.94 % 109
05FX02 (2014). 150 p 075 ] 304 162X 109 | 117X 100
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Temperature dependence of polarized Raman spectra in TlInS,
TS, BT BRNT < A7 b5 OREKRENE
Raul Paucarl, YongGu Shimz,

Kazuki Wakita', Oktay Alekperov3, Nazim Mamedov’

Chiba Inst. of Tech. 1, Osaka Pref. Univ. 2, Azerbaijan Inst. of Phys. 3

E-mail: kazuki.wakita@it-chiba.ac.jp

T1nS, belongs to the group of ternary thallium dichalcogenides compounds with chemical formula TIMeX,
(where Me = In or Ga, X = Se, S, or Te). They have both layered (T1InS,, TIGaS,, TIGaSe,) and chain (T1InSe;,
TlInTe,, TIGaTe,) structures [1]. These compounds attract particular interest due to high degree of anisotropy in

their physical properties and potential applications in optoelectronics as well.

In this work, the polarized Raman spectra of layered TlInS; crystal is reported with the aid of Raman
confocal microscope system,. T1InS, single crystals were grown by Bridgman-Stockbarger method. The obtained
crystals could easily be cleaved into plane-parallel plates perpendicular to the c-axis. The temperature of the
sample placed in a special vibration-free cryostat was varied in the temperature range from 100 K to 300 K,
which includes the succession of the phase transition in TlInS, (Tc =200 K, Ti = 216 K). Crystallographic c-axis
is set to be in z-direction. The Raman spectra of TlInS, crystal for x(yy)x, x(zy)x, x(yz)x and x(zz)x
polarization geometries are shown in Fig. 1. The Raman spectra were measured in the backscattering
configuration on surface of the crystal perpendicular to the (001) plane, so that propagation direction of the
incident and scattered light were perpendicular to c-axis. As we expected, the obtained spectra for x(zy)x and
x(yz)x geometries are identical, while the spectra for x(yy)x and x(zz)x shows differences. These
differences can be seen in the frequency region between 35 - 120 cm™ and 300 - 400 cm™. The spectra for
geometries x(zz)x and x(yz)x were deconvoluted
into loretzian peaks. The deconvoluted Raman spectra for

x(zz)X geometry exhibit more  phonon at low

frequency (interlayer vibrations), while the x(yz)x g -/N\J .
polarization shows more Raman phonons at high g -
fre i ibrati . 2 _
quency (intralayer vibrations). Furthermore, we % j\\,\ _/L J ﬂ )%
present a preliminary assignment of the symmetry modes. £ j\’\—kJ ~ _
x(2)x%
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Ref. Fig. 1 Polarized Raman spectrum of TlInS, at 300 K.
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TIGaSe, D7 % VI XxE R
Photoluminescence of TIGaSe;
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1. iILBHIT
=5e4 U U LREEY TIMeX, (Me @ In, Ga, X : S, Se, Te)l LK Tt & & 5, Fi72 IV Bk Y, K&
R =y ZEH DB, Eo, REMETT 2o THFBM, REAM, MBS~
EHEERES 2 T Y, 20D, T AOISANEIE STV D WE TIESH 503, TIGaSe, Dl
FLFHFEIC OV TR, SASENE &R OFE RS . ZHEAURIRIZIN T 2.13eV Y, 2.12eV Vi fihite
FPEET D, LVIREDRDHDLDHTHY, ZOE—=7IZO0T b Horikam S AL TVRUY,
ARFZETlE, TIGaSe, D7 4 hL 2 %t A(PLYDMEZITV, A FIGICHONWTELR LT,
2. EBRRFE
SIS 2T L2 AT PLIEZIT o 7o, HIEREHZIZ, 7Y v O~ A~y 78— A—1EI
Ko TERL S 7= TIGaSe, /v 7 Bk 2 H U7z, iy & LT Ti: sapphire L —%—D % —&aik
(AoonmyZ M L, 7 m—M 7 T4 A2 % v &N T, 77K 225 300K O#EiIFH CHIEZ1T 72, %
72 TIGaSe, D c #iliz & e 2 & & Lz,
3 RERLEE
Fig. 1|2 77K CHIE L7z TIGaSe, ik D PL ALY M L& md, BHDNIENRTH D720 7 AR %
ANWT, =27 =X —1320leV THHE—27 AL, 210eV THLHE—Z BD 2 SOOI HHBEL
7o Fig. 2 (BRI R FIE DR R 2R, BT L 2B mE &5 &, LTI 5, k Offias 1
UETHY, £ —7 T3 VX —DOMREME, RIS X % B B 0= 3L —>9 L i3iE—8f
L7, =27 BIZHHBEFICED2E N THDL LB HILD, PLAIEIC X 2 TIGaSe, ? H HJihiEE D
BINX, AFEDBHDTTH D, BE—27 AIZOWTHIRBRICIIT 2 1TWE T 5,
BIEE
AWFZEDO—HBIE, B AFARBLS B AT SR E A B4 (No. 26420278) D Sk #2521 THEM S iz,
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oF ' -~ [ 7K
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Fig. 1. PL spectrum measured at 77K on TlGaSe.. Fig. 2. Excitation intensity dependence of emission

et intensity of peaks A and B at 77 K on TIGaSe,.
ef.
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Evaluation of photo-induced surface relief change on ternary thallium compounds
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ZLEDHIT
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BRENERE 70 E~OICHBP IR S S (1], BF, K
WHE 7 N —7"Tik, EEMEITHD 304V UL
LB IRREIC L0 Z v E CTITEEE R /T
B CODERBREFEEEB LR Z R~ 2 & 255
L7z[2], ARBISIIEREHZ L ERAER AR
L. 222, At EN TV D 2 E D HET
A7 B EE RS~ OISR I S D, 3cH Y
U MEEIZIE, R ERE OEVDIZ I SR 2 A
TR A TFET H, TNET, EELT
IR 2 A T IO TSN L 2 R E{LD
FHfiNf TN CE=[8], LasL., JBikZ A Fico
WT b YERER MR A3 HmE S TR, K&k
HFEERDEDHFTE D, AL TR, Bk
2ATD3LH VT LMEEWTH S TlInS: D
HEEEBR GO E BT 21T > 72,
ERFEB LR

JEIR 3 t2 U U MG ThH S TlInS2(Eg: 2.4
eV)D 3L 7 Hih L GRUEHE: h) (00D (-~ [
) 2 LT, AR CW L—Y— (JiK 408
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DEFE Ah OfCEMRAFEZRIE Lz, JIEICI
1A ¥ B A[REZe L— W — 252 e,
R 7 HE RS U+ R 03588 L 7= % DR
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Fig.1: Surface profile of T1InS: during light irradiation.
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B, BURF A T ERBRICR 7 HD AR b
TR ORERERZ R L, Ry 78N
WRT DIz, BFEED pm A—X—IZ#ET D
REREETRTRHERDI GO, HIKZ A 7L
95 &, 60mW LI EDOSIRECIIEIRZ A 7D
FRKEZWERFE(TIINS:: 0.24% TlInSez: 0.22%)
HEEBTELZENRbroT,

I, R 7RG 2 0 R U | RFE IS EME 2 4
RELTEAE SR, RO OEEE AL I, BRLUND
faF0, BOE A MY K AW RN E AR LT, 2D
Z b, RELENIEWENSHENED & 5 BL%
ThAHI Enbirol,

Fo, RUTHOAR Yy MEE/NSLS LSS
ORERZRE LTAER, W77 740D
PAEIE DN NEL 2D 2 ENHERTE -, 2D &
N, BREORBBIRIZAR y MRIZEF LT
BO, ARy MEERD D Z L TS HIZHEIED
INSRREIGIRENNFEBLTE L LEZHND,

ABHEN B2 2302 v, BESEE L O
BT DM Z TN L7z, BUBHER RE WE EZ
B ESCRAIRRI A KT A RN GOz, 2D
T EnD | RBGUTITNEVEAIC L DA - BIE
B BIERN TS L TWD EEXLN, 20X 972
REREREIZRDERE LTE, BYREER D/
SNWZENR—RELTEZLNDD, LK
DULETHD,

ERy)

ik 3 & VU MMEEMICE L THRPTAIDD
KERERSCHBNED S D INEERT Z N
ST, Flo, WENE - BEMELR N E G, K
ERENEAE & L COISHBEIRFTE 5,

IEE © ARWFFEIE JSPS BHFE: 24560381 DBhAL & 52 1)
7~H DT,
[1] S. Kobatake, S. Takami, H. Muto, T. Ishikawa, M. Irie,

Nature 446, 778 (2007).

[2] N. Mamedov, K. Wakita, Y. Shim, K. Abe, N. Ogushi, Thin

Solid Films 517, 1434 (2008).

(3] HEFEHE {1, 45 74 UGBS AR S, 16a-P2-

5 (2013).

[4] G. Grivickas, V. Bikbajevas, V. gavriusinas, J. linnros,
Materials science 12. 1392 (2006).


Mutsumi-MainPC
タイプライターテキスト
Poster-23


Poster-24

R72 2 AT D RARSAFITAE S ZnSnPe IROFAIR & #1E DA

The influence of precursor on morphology and structure of ZnSnP, film
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1. IXC®»IT

AWFGETIE, N-IV-Vo 1R Y AE#) ZnSnP, 1235 B L7z, ZnSnP,id, BEIREERMEITH Y, Hona 1474
MEEZ SO p BEEA SERIERES 10 em™ ML SY RE v » 73K 1.68 eV L W o Wi H 5, Th
SOREL Y | BEAF O E W IEIER R EM O BT EE ST ZnSnP, KEFFEMOBISE 21T 21X, +4r 72 tERess
W CT& 5, £ 2 C MO ER I S BE T TREGEMMA~DERIZMIT 72 5E 2 Bits L=, £ D —4 L LT,
RTBRIAR O VERLIFEICH1T D Zn & Sn OFEBIES Zn/Sn #LAZEEDY U LAkt D ZnSnP, IRIZ 5- % 5 B Z Wit LTz,
ZORERNG . BN <0 B R D720y ZnSnP, IR D VERHZ b4 B2 HiTBRAR D BB D H &3 7 72,

2. EBFGIE

ZnSnP, D VESLZ 1%, soda-lime glass (SLG) Hibi 1= Mo Z Rl L 7=
FEMRIZ, Electron Beam (EB) Z&&IEIZ LD | RiBEAR L LT2Zn & Sn OFF |
JENEZERL L, U AMBIZ K - THRIAER S5 & ) HiEE iz,

ARRET T, E T RIBEIRD Zn/Sn MRk 2 [EE L | FEENIEA Zn/Sn/Mo
ISLG & Sn/Zn/Mo/SLG ® A Tl 24T o7z, Z ORISR ZBE L, &K
(2 Zn/Sn AR EE 22 284 S B TH 24T > 72,

FEA TR & LT EPEIBRIAICIB VL TIE ZniSn #kkt % Inductively
Coupled Plasma - Mass Spectrometry (ICP-MS) Ti#lliE L. ED /L%
Scanning Electron Microscope (SEM) THEIZZ L7z, U AL D ZnSnP, BT, B 1 D K 5 2RISR A Ak &
U, ZBEY & Z LA OTEFTC Zn/Sn KL B 72 % 72 8 ICP-MS Tld 72 < | Energy Dispersive X-ray Spectroscopy
(EDS) # M\ 7=, FIZ, DI Z [AIARIZ SEM CTEIZE L., RN O A OAF1E% X - ray Diffraction (XRD), f&
PR D K [ o> % Time resolved Photoluminescence (TR-PL) T4z L 7=,

3. ERBIUOER

FTRBRAICI TS Zn & Sn OFEBIEIZEA L T, U b D ZnSnP, D SMEL K TF Zn/Sn #ilpktbid, FEfENIEZ
ZALSETHHBI LR L 220 | IZEAE ZngP, OFE MR LT, 16> T, BIBMADOIERIC Y 72> T, Zn &
Sn OFFBNADIENAS ZnSnP, IEIZBAE 72 8 A KIZT L TN e Wt D, RIC, RIBRIRICISIT % Zn/Sn ARk %
b S 7E . ZniSn AL EE 23 0.90 & UMY 1.2 Tl ZnSnP, I LB R X 72 22 £ < ARk S iz s, JE
HEEFERE AR D720 BB RPN E W FERNEL NI, F72. Zn/Sn FEEAE 0.90 DERFIEEFE Sn,Ps
DIFE L TWEA, 9 1.2 ORFTRMPFE L TR0 2 E 1D, £ 1.2 OJ73 X 0 BRI ZnSnP, T &
HENWZ D,

4. ¥¢®

AR DVERLEFEIZ IV T Zn & Sn OFENRITEE R MRS : & 1TV 27220, —J5 T, ZniSn Lkt U o~
4% 0> ZnSnP, D AMBL(IE 2 if D ZEEE W) D K/ NFE) L ERIA DT, KMaD Bl 8% 5.2 . Zn/Sn #LRZEE 3 1.2
DFFIE, BFAN R0 KRGV 720 ZnSnP IEMER T X 723, T 7 R ABRKRE N LW ) BN R~ T,

5. BE R
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CdS:0 EEDF / 1&:& D F{i
Study of nanostructure in CdS:O thin films
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CdTe %> CulnGaSe, & W& & L7 MK @0 ZiE & L CdS aifshTng 22 L
L, CdS {33y Ry v 7B Al EIRICH 0, EREER TN Z 5] & i 2 372 OB
ROKRTICORND. 2 CEBNREEMESES —2o0FkE LT, CdS OF / fEsfbicigN
THRESYARDRICEDEN Ry v TOIERICER Lz, F£72, 7T EBEDRA T A
FlizBWC <73 bhar Ay 2 o7 L0 ERIES T CdS:0 #iEiT ) /#dEs b o2 &
RSN ERTNS Y.

AFFETIEA Y — RAy 2 Y o 7 X0 /ERLREfE] 55 47, BAFR /7T 5% CERL L7- CdS:O i
M7 =— VALBR 24T > T2 B O PG s b £ B 2 i o Epkds L O &E A X RITHN T,
FITJR ) B EEE  (atomic force microscopy; AFM) , 7L BV 7 u—7 7 g — R BB L

(Kelvin probe force microscopy; KPFM) 5 X UVids i i & 1 BA A 8% 14 (Transmission Electron
Microscopy; TEM) 72 &% HWTlegt L 7-.

112 500°CT7 =—/L L7= CdS:0 D TEM 8% 7~9. Fkx 1L TEM &2>5 520 nm Ok
& FEREAR A BIEL L7z, XRD /3% — 2 OFERIE, 2000CTT =— b L7=iEHE CdS DI EHE
xR L, 300~ 500°CTT =—/b LizglEHEIB 5227 N5 %k CdS Z7r L7-. F7- CdS:O i
DT AT MVTH, 77 O CASFERICHIGT 2 2 2O —27 2852 L7z, AFM &
KPFM % H\ T, 500°CT7 =—/L &} 17z CdS:O i m #8582 L7k R 21X 2 12”7, AFM 4
IRRIBRDSHIDN 2B DFE L TR Y, TEMEBORBRIZH ST/ b a8lE Lz, KPFM & Tl
AFM B O—EO MM E ORHNEZBIZ LTz, 2O 872 —30E, 5000CT7 =—/L L7 CdS:0 #
PR ERE & R OIREMEFREEOEWVWE L TR DO THDH EEZTWND.

ABFGED —FRILSCH R FA TN RIS O T EAR T SR 3 (Rl 25~29 4
N0.S1311004) D 3#E % 52T T S i,

0 [nm] 400 0 [nm] 400
Fig. 1 TEM image of CdS:O thin films Fig. 2 AFM and KPFM images of CdS:O thin films annealed
annealed at temperature of 500 °C. at temperature 500 °C.
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BEE CdSe BEF Fv FOXFRFFE
Optical properties of stacked CdSe quantum dots grown by alternate beam supplying method
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BFRobheid, BHLPIEANRR - 7oA EREDZERIC R TTHICHATIAD N iEE ),
ZOMEETITF YT OREEENEGRY, B O RVTX =5 DD NZenh 23X —0
ENRILEMIFFCED, £ 5 Lo, PEEET Ry ML, BIETZ2FNICACAD S Z &
T, AL CONEEBRE T E~DIGH, BRICEXTET Ny MEEKEER~DS
MBI SN TV D, RIFFETIL, o TR AHEETE (ALS : Alternate Beam Supplying) (T &
HFEEMCISe®E - K v MEZEDEFFEIC W THET 5,
2.EBRFGIE

GaAs(100)f& ik & F54K & LT, ZnSe buffer/& LIZFEEHCdSe® 1 F v Mgz E#l L7, CdSe
B Ry MEOERIZIX, Cdor 181 & Sedy T8 & S8 BT T 2 43 T#AS AL 1E 2 v e,
B FRROBE BRI FRIEICE Y i by v v Z —OBBAEMIC THIE SN S, Cdo
H % 10steAB 4. SedD & 10sbfG9 5 Z L 1-ALS & PR, n-ALS TIX1-ALS Zn[El#: v K4, A
W72 TlE. GaAs(100)/ZnSe buffer/5-ALS/4-ALS/3-ALS/2-ALS/1-ALS Z{ERL L T, Z D2
FEPEIC DWW TR,

W, BhEYERIZHeCd L — % — (& :325nm) ZHWT, 7+ b IxvtErx (PL) #ll
EZ 13K B273KE ClREZZbsETiTo 72,
3FERLEEBE

VRS X 7= 3B 2 13K 5 200K & CHIE IR (T, & 2L S8 THIE L 72RFDOPLA Y kL
ZFig. 1127~ 9, 13K TlE, 476.0nm, 498.3nm, 521.1nm, 547.4nm®D4 D> DR — 7 Z R T
T, ZHOIHMKHEEMD S ZNENERFIEIR S4722-ALS, 3-ALS, 4-ALS, 5-ALS®

ZEBTFy MBICHs Lty —2 & —_——
B2 5 ERER ERT S L HIC2ALS [Thsk Case apanee
MH5-ALSE T R TORNE— 7 (&N 5 m'mOK
EREMICY 7 b Lz, Zhix, #EHR §

D ERIZ LD FRy v TOffMT & 50K
knLEZLND, £l IBKTIH2-ALS 8

B S-ALSICRIE S 2RI B — 2 155 < 20K
TELN, WEREE LRsETHic © e
O T IR SR EBIZHI< 72 D (200K 13K
TRE—ZBHEELTWD, 29 L% 40 w0 om0 580
K — 7 OWREIT, & Ry E2rb O3 Wavelength (nm)

JENBEMHALEE A2 B A TND 2 & &0R
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