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First-principles study of defect properties in TIBr

Bl BAY il fEsEt, BE AN 2, 0 BER, L IART Y, NFF EHEC

1. FERFIBFE 2. FEIEKRFTFES, 3. KRFIZARFIFEE,

4. VEIVASv RETHTZI—, 5. RILTERFTFE

BEEEAVECIGSABRSHDU I PATRMOBIFE oo,
Development of lift-off method for CIGS solar cell using sacrificial layers

42K 5=F—, FH M=, WWHE B

RRIEXRFTHb

CIGSZ/CIGSEZQ ST AKBEMOTINVAZBRMT e
Device analysis of CIGS,/CIGSe, tandem solar cell

& F=, FH %, LHE A

RRIERFTHb

VWG IREEZBWEMoBR EICIFBDCurSny Ge S BIEDIER! oo
Preparation of Cu,Sn;-GexSs thin films on Mo substrates by sol-gel sulfurization method
2 K, HR A2

REBARIFEKRFE

FERERAC & B CULSN1SiyS3DCU/IVEELRIEDIRET o vvererrerree i
Study on Cu/1V ratio dependence of Cu,Sn;-xSi,S3 by luminescence observation

5B &, Bh A2

REEARIFEKRFE

ARAROT A MEBEFCSPhI;DXIBIRANRY MLDE—REHE : GaAs &DHEE -
First-principles Calculation of Photo-absorption Spectra of

Perovskite CsPblz Semiconductors : Comparison to GaAs
HIEEFER, BIIEAN, FIlpES
TEXRF MSBTHA

ZnRYEFF ) BFOXERBIEEAVE S BIEOVERIESE e
Fabrication and evaluation of optical thin films prepared via

layer-by-layer deposition of zinc-based semiconductor nanoparticles
AE K, & K&?, BE A0S, St B
1. KIRAFIZARZEREL, 2. ABRMIZARFERL, 3. TEIEXRFEITFE

11

15

20

25

30



B v v OFiSEtZBAVWZBIRTIGaSe, [CH T B A FEE OB ELEIEsTE - 35
Evaluation of transient response characteristics of light-induced
deformation in layered TIGaSe, using Sagnac interferometer
JEEFEAL, Sb FBER!, MREA4H2, Nazim Mamedov?
1. RBRRFIZAZFBREL, 2. FEIEXRFIFE, 3. 7OV A v RETFHT=Z—

SIUDNICKBCZTSEBIEDSIIIVEIDEEI oo 40
Raman mapping evaluation of CZTS thin film in micro-meter region

=18 ®!, Raul Paucar!, 3t FAEK?, Nazim Mamedov®, BzE FOfE!

1. FEIFERZFIFMRAR, 2. KIRFIZARZFIFEHRFTR, 3. 7RI ASv RZETHT=Z—



B—HHEEHBEIC L D TIBr DEFIREMENT

First-principles study of defect properties in TIBr

AN BN, il BES E FaR 2, vk HER®, UL < A BT UNERSE BGE
1o TEERSFHSEE 2. THELERFLSEE, 3. KBRS TS,
4. TN DY VBT 7 I —, 5. WAL ERF LY
Masato Ishikawa!, Takashi Nakayama? Kazuki Wakita!, Yong-Gu Shim?,
Nazim Mamedov*, Toshiyuki Onodera’
1.Department of Physics Chiba University,2. Faculty of Engineering Chiba Institute of
Technology, 3. Faculty of Engineering Osaka Prefecture University, 4. Institute of
Physics, Azerbaijan, 5. Faculty of Engineering Tohoku Institute of Technology,

Abstract Thallium bromide (TIBr) is a promising semiconductor for the
fabrication of radiation detectors because of its large carrier mobility and
high gamma-ray stopping power. It is also known that the serious
degradation of performance is often observed in TIBr-based detectors
during the device operation, probably due to the carrier transport
degradation caused by the appearance of some crystal defects. However,
the origin of such defects is still unknown at present. In this work, we
study electronic properties of defects in TIBr and clarify the origin of
degradation, using the first-principles calculations.

1. H&

Tl &M TH 5 TIBr [T SIS D T E$(a0=3.93 A)D CsCl ##iE (bee #ik)
oL, N Xy v 70 268V DU A KX x v I PREKTHD, FlomEE
(7.56g/cm®) DB Z2 JGH U T H o~ % O X B O 7 3 260k L THIRF S
TWB[1-5], L L7 S TIBr fffh O IEEMMEIC SV CIIRHZRERS N0,
FEMED EBRFE R TIL, KO BEIZL > TRV RE vy v 7 XD R x L F—llic 7 v
— RRRIAHER SN TWVDEN, DA D= A LIRHTHH[4], =2 THxIE—
JRBERTS 2 HIV T TIBr O KIS DWW TEF G &GP A~ AV ORRFT 24TV,
Kt OB RN T T e —F (T o7,

2. FEFE
TIBr O it iE 13 CsCl i 2797, BHR TII - E(a0)[6,7]1% X,Y,Z F71AIC 3 X
3X3 FEITHEIRE LC T 27 f, Br i1 27 D 54 R+ OHA % AWz (Fig.1),
RIAEIEIZ DWW TIILL T O 3 FEEHOET LV CRIREIT I,
()& AR (z24L) (Tl and Br vacancies : Vavcancy defect)
TIFE T & Br JR 7T D% %1 i1 %222 LI LTIET L,
(2)7%%8t3% (Residual elements in crystals : Doping defect)
TI VA MCTHEE MEO 1R Z @, Br A M VIR, VITRO 15
VIETII 2R FaEfRLIZET L,
(3)7 > F WA FXFE (Tl and Br anti-site atoms : Anti-site defect)
TI HA M BrJ&+ 1 f#23, Br %A M TURFD 1 RS 5ET L,
WTHECACHT 5 “UrHefl” LN TR D B o 2 B CRIAE AT 9,
BB FH AT PRI DWW 8 1 R R 2 U, -0 HREF 21T
W RV F—IC L E R FELE 2 5RO 7, B TE DOMNT Cld N> M & B
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JE . R OB CTIXB BRI ¢ 2 0 B HFEWUL ALY R L &R T72[8-10],

@), Fig. 1.

Schematic pictures of 3x3x3
large CsCl(bcc) unit cell of TIBr.
(a)From a (001) direction.

(b) From a point perpendicular to
the (001)direction.

This unit has 27 T1 (red) and 27
Br (green) atoms. The atoms on
the boundary are fixed.

(010)

(100)

3. BRBLUOER
3-1. L7 dRRE

54 J5 - TIBr /3L 7 IRFEDFE J % Fig.2 128, 732 R o ik - 22 ] o &
1% I'-(0,0,0)-H(0,1,0)-P(1/2,1/2,1/2)- ' -N(1/2,1/2,0)-H & L7z, & 7= 22/ TITHAL LA 3
D=6, WK ZEMTIE 3EHT VIR L(1/3)E 725, MEFFORK BT H A, (mE
WOTFIGL HRERDN, PRHEDTRIAF—ET0.1IeVIERETHD, N F¥y v
TEILEBRE 2.68eV[4,511Z% LT 1.82eV ThH D, I mOME A& L COBEME
JECIX, BrJR70 p #LEIZ, [mEH R CIE TR 1O p $LBEIZEMAETT 5,
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Energy[eV]
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Fig.2 Calculation results of bulk TIBr (CsCl:54atoms).
(a) Calculated band structure. The bands below 0.0 eV are valence bands. (b) Calculated
charge densities at I of the highest valence-band state. (c) the lowest conduction-band state.

3-2. #EfmRME (Z2FL) (Tland Br vacancies : Vavcancy defect)

NV RIS & FRINA T MV ORER % Figl 2R, /N2 NMEE TIH=ER T
G/ RO X —=MET T 5, MEFH/ N R TIHOBOREBICZLR R b 5,
ZAUTZEALIZ X D Br A D p BUBEDOX MO D= LEZ HD, HFRILA
AT VORI TSV 7 &[S ORI A R, ZOBH & LT CsCL#gEE 8
B CTH D72, Z24LE Y O TLHET O p HulE O ZAIT=ER T/ N> G (CBEE
REACE R E R, EDOTCONFRHEIIE LN EBZ X BN D,

@), ,b)
NS s Bulk |
E 1 h NIS v'A
N “10 / o
. . AL
-1 __~"NVacancy
0

‘Il'!l“ ||;i| B IP; B lfu l |N| |H| i 0 1 &ergy[eé] 4 5

-2- ISBN978-4-86348-757-4



Energy[eV]

Fig.3 Calculation results of T1 and Br vacancies in TIBr.

(a) Calculated band structure. The bands below 0.0 eV are valence bands. (b) Calculated
photoabsorption spectra, i.e., imaginary part of dielectric functions €2(w), as a function of
photon energy, ho.

3-3. 7&HIc#E  (Residual elements in crystals : Doping defect)

KILFED R—E 7 OfER % Table.1 12773, TIHA FTIXIEDOK, Lid F—"7
IZE TR RE Y v 708 0.1eVEEILN D, ZHUTxE L IR TR ER O F i
7Ty RN RBRHBL LAY RX v » 713k 725, Figd lZBR 1% FK—7 L7
R AR T, NV RS CIMMER P 3 ADMEE L7z REER L T AOBER
B DR R (Figab)r b R—7"L72 BJR T D p BB @xpyp )N JHTET D, JEFWIN A
7 RVOFERTIERIURIZZLIZ R S, Z OB T, AZEE T B R 70
p BB K 0 OEFERIUTIE = R X — [ S FAET D0 (Figd(c)DRAD , [ZEH T
RO/ RIZRELTE Y, i S5 E R DN RIUE B L7
WeBZHBND, Br¥A bO VIR, VIED F—7"Tid Deep Level & T 5, (VI
THETIE2FE %2 F—7L7z,) VIIED R—7Tid > ME&EICELIZR 5w,

Tablel. Band gaps of the doping model in T1Br. For Group I and III elements, one atom is
doped into the T1 site. For the elements of group V and group VII, one atom is doped into the
Br site. In addition, group VI elements are doped with two atoms.

Group Site element Bandgap(eV) Group  Site element Band gap(eV)

BULK - - 1.82 N Deep level
I K 1.92 v P Deep level
Li 1.91 As Deep level
Tl B 1.28 Br Sn Deep level
1 Al 1.73 VI 0] Deep level
Ga 1.81 VI F 1.84
Ga 1.56 Cl 1.83
(2)
: A
2 V"A
| —I— Bulk / \1
Gap 1\/
0 A [\\..
W\
-1 B-dope
2 2 3

™ ‘v P ™ 'N' W 0 1 FnergyleV] 4
Fig.4 Calculation results of Bron(B)doped TIBr.
(a) Calculated band structure. The bands below 0.0 eV are valence bands.(b)Calculated charge
densities at I" of the lowest conduction-band state. (c) Calculated photoabsorption spectra.

3-4. 7 F YA MK (Tland Br anti-site atoms : Anti-site defect)

7TV A RRMETILS4RE T CTTL & Br R F2ZNENOH A DT 5,
TIE 7 & Br 728 3 A FEEILCAHL L7 “0BERY” OfER % Fig5 127, /N R
B TIEIAN Y ¥y v 7NOME AU & AREF AN F AN RERERT 5, BRE
JE D FE R/ HAGE A HRI(Fig5(0)) TIX T > F VA b @D Br JEF(Br *)D p $liE (px,py,p2)

-3- ISBN978-4-86348-757-4



2 ARSI TIZT o F VA O THEA(TIHD p #E (pxpy.p) (ZJHET D, Fig.5 (c)
TOIFWIL AT "V TIEN Mg 2 O U TG O AR = < /L % — 4| C Br*

M THFOBERBICL 22— N8N, ZOFHAL LT, 7oFV9A MNEFICE DT
f/NY RIFR RO =R VX —BALIC TR S LD, TI*Breg 4 OFffFiE L TV 5 p
WLEIXE DR & OFEKHRHEEE (FEE) BHEWZDSBULTH, £ DT ORI A
7 MVOFHE TR, B#EEO k ZRICB W THBANY RO T v F A RETIZRTE
L7 pWENSORENE Z 5720, MO E—27 BBz B2 bh b,

(©)
3
/
2 Bulk[\l
E 1 Anti-site K
g 0 dﬂ\w
-1
2 }/—/
v 0 4

Energ%y[eV]
Fig.5 Calculation results of Anti-site defect (separate) in TIBr.

(a) Calculated band structure. The bands below 0.0 eV are valence bands.(b)Calculated charge
densities at I" of the highest valence-band state. (c) Calculated photoabsorption spectra.

T F YA MEFO TI*E BriR 25OV A MCASHR L7z “UrEER” % B % Fig.6
2R, AN RHEETIX TI* & Br*d 3 Hb] p BN X v » TV RERKT 5
D, AHE T, [REH O RICTHIEARE TWD Z R0 5, Figob) O T A
DEMBEEDMHNT L0 . I L7=/30 Rid TI* & BrfE] o 7 a2 [H VT2 p BlLE T
&Y ANE A TIHER= 2L F— N8 TliEm = 3L X — BT 5,

T, TI*E BrrR 28 < ASEE T D728, TI¥E Brefiic#uEn AL Tnd 2
& HRET D, TR BANE A O p JLuE O = KL F—HEG MK 72D DIL TI* & Br*
fEAIRREZ R L, BEH O p Wl O =R L X — WM E < 725 DX TI* & BredEfsi &
REEZRLTCWD EEZX DD,

(©)
3
Bulk /
El Anti-site /
f0 CINZAN
1 o @ / w?y
2 —

0
Fig.6 Calculation results of Anti-site defect (nearby) in TIBr.

(a) Calculated band structure. The bands below 0.0 eV are valence bands.(b)Calculated charge
densities at I" of the highest valence-band state. (c) Calculated photoabsorption spectra.

-
Energuy[eV]

LN A L7 VTR IOH O RV X — B L R 2R TE 5, &
OFH & LT Fig7 ITHEAK %2 7R~d, =2 TFig7 D —27 O(1)~B)E Fig.6 (c)D(1)~
(€) [0S e R

PNV DN RE Y v 7 LD IR VX — [0 BRI, TIN5 Bred N
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v FHOBBIZLD b DO Th Do YUZBRIUHAHLO LRI, /917 O3y Xy >
7 DAFET#E0 DASHHOEB Th 5 4%, (SO TN THFO N R EAGET B 1
b ST ORI X VAR R X BT ERSHERTE 5, & BICRIURN D E—
7 GV BV BOBBIC LD, T ibbiAY ROMETH 6/ L7
DAGEH L L7 OB THN L PRI FOGEESEOEE TH D, JhbORRIT
FEBRAS L L R UAEI 29 [4),

e A

N TI*-p Fig.7 Schematic pictures of optical transitions
(arrows) observed in

(1) Transitions between mid-gap bands

(3) (2) Transitions between host bulk bands

Br'-p  (3) Transitions between mid-gap and host-bulk bands

/
(1)
v £(1) to (3) corresponds to (1) to (3) in Fig.6 (©).

4. &R

B JFHEE R 2 T TIBr OKMAIZ X5 8E 1A &SRO 211 -7, %
DR, CsClAEIED 8 BN & - TZEFLK A, FREE LRI L D FRMEDOZALIZ R &
N, 7roFH A MRIgET TV A NRAO p HIEN NN KXy v TR R
EIRC L., 3N RIEERIC L - TR OWINE O _E5H-% /e 2 HH RS R3S
iz,

Bulk

(2)
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Development of lift-off method for CIGS solar cell using sacrificial layers
fere R st—, 1 Fod, [HHE B
FOR T RERF T
Ryoichi Sasaki, Kazuyoshi Nakada, Akira Yamada
Tokyo Institute of Technology, Department of Electrical & Electronic Engineering

Abstract In this work, we will develop a method to lift off CIGS
solar cells from glass substrates. ZnO layer is formed as a sacrificial
layer between the glass substrate and the Mo layer that is the back
electrode of the CIGS solar cell. The CIGS solar cell is lifted off from
the glass substrate by etching only the ZnO layer in an acetic acid. In
this study, we will report that the Mo layer is lifted off from the glass
substrate in acetic acid for a sample with Mo/ZnO/SLG structure and
that CIGS solar cell can be deposited on this structure.

1. IZCHIZ

Cu(In,Ga)Se> (CIGS) KFG@EEHLIE, K= X Mo mEzh R K Emm & L CiEE &
NTEY, HREEZIRIT 23.35% NCEL TV 5D, ITEMRE OV ER 72 5 0Nl
M~DF%E 7 &, CIGS KGEMOISHERZX 572, BEbE BHi5 L-Mmanith
NTW5, ZTNETREOFIEE LTERT 7 AZEDLY, RV A4 I RERZHW
%0515 D7 5N KIGEM 2 Fob s B 5 1IN Tk Ve ERRET S Tun b, AF
ZECl, CIGS KM O EREM L 725 Mo J8 & H T AFEROBNIEHE 2 A L,
gz F L7752 EICL) KEGEMEZY 7 "A 7T 5 FEEZBR L, £71-
Mo/ZnO/SLG #i& D CIGS KIGEM AR L, ZOFREEHIE LT,

2. ERFE
% *}i L5 EI%E *}i 5T A epoxy Epoxy

(soda-lime glass : SLG) LICAH4 eonaasssmmmmnEl
JE & FE HE B 75 (MOCVD) 12 L v

ZnO % Table 1 DSAM-T 47 4y [ HL 710 » 1 1
L7, D% Mo % DC A /Ny

ZIEIZ X0 Table 2 DSAFT 30 4y SLG SLG
[FHLEE, Mo/ZnO/SLG #iE D v

TLEER LT, Z0OE XD ZnO Fig. 1 Lift-off process

BELO Mo OEEIL, #nEh

1.09 um, 0.54 um TH 5, I HIZ Mo EDOMEZ LT D7 T VKRENZ TR F
BHiEZ %A Lz, ZOY 7T DOWTIRE 5% OREEIRIC 5 2R L, HiE &
72 % Zn0 J& % i, Mo l5ia ) 7 A7 LTz,

-6- ISBN978-4-86348-757-4



Table 1 ZnO MOCVD condition

Condition Value
Carrier gas Ar
Doping gas B2Hs (1 % in Ho)

Ar flow rate (material : H>O) 50 sccm
Ar flow rate 70 scem
(material : diethylzinc (DEZ))
B>Hs flow rate 1.3 sccm
Deposition pressure 3.0 Torr
H>O pressure 1 atm
DEZ pressure 1 atm
Substrate temperature 158°C
H>O temperature 40°C
DEZ temperature 20C
Time 47 min
Thickness 1.0 um
Table 2 Mo sputtering condition
Condition Value
Flow rate 10 sccm (Ar)
Pressure 0.6 Pa
DC power 0.40 kW
Time 30 min

KT Mo/ZnO/SLG #1112 CIGS AR5 03 AR FTREM 5 2 & it 5 2 72 9, Fig. 2
RS A ERL L7, CIGS ORIE T 3 By ey V% -, 4 1 BRpE oo BUB0RE s 1
380°C, 52, % 3 BPEOREIR L % 600°C & L T, Fig. 3 (23 FIET Mo/ZnO/SLG L=
IR TE 5 2 & 27, BSR T HAREE f O BVEERHANEIZ L 0 lE L7z,
CIGS J& " Ga/(Ga+In)ki3 0.235 Th - 7=, CdS Jg DRI AIHRIE (CBD) V&
72, CBD £ Tl M1 0.205 g D CdSO4 My R AR L 727 B =7 Wik ME L, 67C
DIRFEIZ T 3 ekt 2R E S, Cd DIEREE LTz, £ D% 1.522 g DT A RF#
RAEHAT S Z LI2 LD, CdS O|IEE 4 5FITV, B2 50 nm > CdS % CIGS
RENCHERI ST, ZORPEHIEA X —F —I2 K> TE— 7 —PIEH IR LT 7,
& 5 IR L 725 ZnO J& A Table | D26 % FU CAMEG R SURMERIALC & 0
HERE LTz, 47 53 I OBIIBIRER 0 5 BEAIO 2 5311 BoHe Z i AT ZnO Bk S >
7 7 EEHER L, LIRED 45 3 IE B He Z A L B F— 7 ZnO B R 2 HERT L 72,
BICHRBFFEC LY Al BERAZHERE L, CIGS KEEMm A FR Lz, E/ER L
CIGS/Mo/ZnO/SLG &2V TC, AEEE 1 BB A (SEM) & F W T i 2 81

217,

-7- ISBN978-4-86348-757-4
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© 600°C
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€ 380°C
®
+—
In, Ga, Se Cu, Se In, Ga, Se
time
Fig. 2 Cu(In,Ga)Sez solar cell on Fig. 3 Cu(In,Ga)Se2 deposition process

Mo/ZnO/SLG substrate

3. BEBIOER

TRF 2 /Mo/ZnO/SLG DREIED W > 7 T HOUNTIEFE 5%DOHFRTATRIC 5 2 RTE L
e % ORER % Fig. 4 (2", o7 OMEn S Mo & & SLG OFIBENEE Y, HilE
WRP O TIAEROH LE-ObLE Yy N TMo BE2ES FiF-& 24, SLG »»
5 D Mo EDOHIFEIZ ) LTz,

[T

Cu(H1Ga)Sez v’

OT \I!1

Mo fil '
epoxy/Mo film Soda-lime glass

. i . Fig. 5 Cross section of a sample
Fig. 4 Mo film peeling with CIGS/Mo/ZnO/SLG structure

Fig. 5 1% CIGS/Mo/ZnO/SLG Hi& OWrii SEM 4 Tdh 5, KD X 9 12 CIGS J&, Mo J&,
ZnO B D 3 BHEED ISR T E 7,

-8- ISBN978-4-86348-757-4
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@ CIGS solar cell with ZnO sacrificial layer
@ CIGS solar cell without ZnO sacrificial layer

Fig. 6 I-V characteristics of CIGS solar cells on Mo/ZnO/SLG substrate
and on Mo/SLG substrate

Table 3 Solar cell characteristics

ZnO sacrificial layer With ZnO Without ZnO
Cell area (mm?) 15.6 16.2
Short-circuit current
density (mA/cm?) 33.9 353
Open-circuit voltage (mV) 429 615
Fill factor (%) 54.9 71.5
Efficiency (%) 8.00 15.6

Fig. 6 35 . UY Table 3 | Mo/ZnO/SLG A FIZHE L 7= CIGS KI5 &, ZnO ik
J& % £F7- 720 Mo/SLG #i&E D CIGS KIGEM & O -V ek O il &2 773, IV Btk o
HIESRMIT 1sun, 25CTH D, ZnO BEHREZFA LT f%cmsk@%m@ﬁw
DHERR STz, L L& DOFEIT ZnO BPEE O VY CIGS KIGEMIZ L~ TH 671
KT L7z, EREREEICIIRERZIRVON, BKELEE FFIIRE KB L=,
Bt DMEWERIR & L TEWRT 7 ANSDOT IV HE VIRIRENEZ i, T/ h ) &8
WLEE (PDT)E OB T A B VER TV A—HOEA % O L5705 U N4
IZ X > CTABOMRELEN B TX 2,

-9- ISBN978-4-86348-757-4



4. &

ZnO W OWRRIZ LD Mo BOFEWRT 7 AN6D) 7 A 712k Lz, £7=
CIGS KFGEMIX, Mo/ZnO/SLG i EICHEIEREECTH Y, KiGEM & L TEMET 5 2
EAHBMMNZ LT,

BEIHR
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CIGSy/CIGSe; & 7 L KB EMD T /A R AT
Device analysis of CIGS2 / CIGSe: tandem solar cell

w TR, TH RS, [WH B
IR TP
Ushin Rai, Kazuyoshi Nakada, Akira Yamada
Dept. of Electrical and Electronic Engineering, Tokyo Tech

Abstract  To perform the calculation of Cu(In,Ga)S2/ Cu(In,Ga)Se:
tandem-type solar cells, we introduced a recombination layer between
the top and bottom cell. We have successfully calculated the cell
performance by optimizing the recombination layer. It was found that an
efficiency of 30.4% can be obtained with a bottom-cell bandgap of 1.10
eV and a top-cell bandgap of 1.71 eV.

1. IZTHIT

KB OB A TE D | S K EMIZ I T Si KEEE L TIX 27.6%.
CIGS KM TIX 23.35%., X0 7 A H A b REEMTIE 23.7% & BLEGRAICIT V&
WEBNRNE STV D 123, 2O H 5 EhRICing, 2828 KBS
HHEINTWD, RFFETIIMEIOMEREHIEIIZ L 0 X Ry v TRAETH D
Cu(In,Ga)S: KIG&EHM( ~ v 7 &/1)E Cu(InGa)Se: KIGEM(AR kAt ZfAED
V20 o7 AKRBEMICER L, £ OHGmIOERNEELRDT-,

2. EBRFHIE

QURFH T AKBEMTIT Ny RO pn #E LR R AEAD pn A & ORI
FHED pn AN EL, Va2l —var ETH T AKBEMEZFETHEE. by
TN ER N ARV TOEROEGENMEE 2D, 207D, ZOHS TR RV
FEEEATROIOVERNDH D, M RHEHEAIE, AR TOEFERE ELEROH
EEEREL. 2WTFT AL ZAD 2 >OBLMOESE S L THIET S Y, 22 TK
MFETIE. by 7B ER ALK EICKRNGEEDOEWMARDfE x-layer & ffiA
THZLIZED PRV BREG AT 5 2 & 2R T T T IZ I3 AFORS-HET
v2.5 Z FH T2 910 SEATIZ A DRI x-layer O K5 EMIC %2 522880 L ON#EY) 7285
A =2 LMl T 2 E N H D, £ 2 TRANZEEHHIE 1.10 eV @ Cu(In,Ga)Se2 KF5E
(R Fatr) BIXOEEWREE 1.71eV @ Cu(In,Ga)S: KEGEM( -~ 7 B1) 2 A
T x-layer OFHLEIT/RR >, TNTNOKEEEMEEIL, BEBEAFNIBW TR K
BIENA M AE/L061V, by 7B 121 VU EREEREEILA b A/ 42.0 mA/em?,
Ky 7L 211 mA/em?> TH D, 20X T MMEEICB W TEKEREE L. &t
IVTHERSNDEIO/NS W FICABR I NS 72, FASEEE L8 20.9 mA/cm? 73
BohbEEZ N, FRHRETEIZ_>OBLOMTHL 1.82VIChEEEZS
Nilce £, x-layer ZEEHRAT L7207 TlI a v Me—#fitl 70 5720, BRI
Fy U TREN10Yem?, EI25mm O ptfE L ntEa2 ZNEhfA LT,

x-layer DJE X % 4 nm IZ[EHE LT, x-layer O RMBEELZZILSE L&D X T A
KEGEM OB L% Fig. 112, x-layer O KEHEE % 1022 cm™ IZ[EE LT, x-layer
DIE X 2B S /7= & X DOBREILE % Fig. 2 117,

-11- ISBN978-4-86348-757-4
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11017 1078 1079 1020 1021 1022 1023
Defect density (cm3)
Fig. 1 x-layer D RMEBE L % > T 5 KEGEM OB K EIE(Voc) D EF%

1 .83 I I 1 I I I I T

{2 3 456 7 8 910
Thickness (nm)

1.8

Fig. 2 x-layer DJE X L & 7 5 K5 O B BB E (Vo) D BifR

Fig. 1 {ZBWTRIMGEENEINT 21220 THRKEEIZ EA- L, 102 ecm? 2L E Tl
1.2 VIZPERL TS, 2D LD RIBEEIZ 102 em® L EICT 20 E RN HH Z &
DI BN E 72T,

Fig. 2 \Z8B W T x-layer DJEE 23 1 nm 205 4 nm (2T CTHRAE/LEITR 1.82V £ TR
AL, TRUBETIRFEAE LR Ll 2ote, EESN 4 nm X0 EW EBIKELEC
BANEL DD, RDHRXJEENELS OB AD /R 4nm BEEIRME LB % 7,

U bEZE5FZTH T LAREGEBOEIZIE, JES 4 nm, KEHEEIT 102 cm™ O
x-layer & Tz,
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3. BRBIOBE
Fig. 31T CIGS2/CIGSe2 % T L KIGEMDA Lk E Ny FEALDNY Ry v
TNCKRET DEWRN R m T,

>
= =
Q.19 zsé
Q)
o )
© (-
c 1.8 o0 @
© O
a =
(O]
(&) 15
S 16
|_
10
1.5

1 1.05 11 1.16 1.2 1.25

Bottom cell band gap (eV)

Fig. 3 CIGS/CIGSe; % 7 LA KIGFERM DA b Lk
EhyFEBEANDNRY Ry v 7 BB

RELAEALDNRY REY v TN 1.07~1.12 eV . by TEADNRY REXy v TN
1.69~1.72 eV OFFHIZIEB T, 30%LL EOEWEBNIRNE LD Z E PRI NI,
ZDEE, R FLABLDNY RX Y v I T DR OFREHITIA . by 7L
DFRGEHITIEN LD, hy P BADONRY RE Y v FHIBENEE L 25T A
ERB Mo, £ R RLAEBEILONY RE Y v 72 110 eV
(Cu(Inoss,Gao.12)Se2). b v 7B/ DR RE ¥ v 755 1.71 eV (Cu(Inos3,Gao.17)S2) D & X
MREWENE 304% DX T AKBGEMNPELND Z LRSI, 2O L E Voo I
1.84 V. Jsc 1% 20.7 mA/em? & FHNZEVMENR G Hilz, # o7 LAKBEGEMO Voe 2374
FAtB/LE Ny TELORTHS 1.82 V 2 ZT2DIF x-layer i AIZ L 0 KGR
WO R T7 7 ANNEL LTZlzdEBZ NS, &6, Irvarg T4 LR
KBFEMIZ I 1T B Ehp b, N FMERIZEAT 5 Z & TE Y mWESZHEN S
s EWFFS D,

AW TIE x-layer Z WD Z &I LV, o T A NAVOBEEREICHKS) LT,

B33
T ARMTIZIE AFORS-HET v2.5 i fl L7=. BIRAALITIEHTT 5,

-13- ISBN978-4-86348-757-4



BE 3Lk

1) Y—7—7uv7 47 (http://www.solar-frontier.com/jpn/news/2019/0117_press.html)
2) National Renewable Energy Laboratory (NREL)
(https://www.nrel.gov/pv/assets/images/efficiency-chart.png)

3) C. H. Henry, J. Appl. Phys. 51, 8, 4494-4500 (1980)

4) R. E. 1. Schroop and M. Zeman, Amorphous and Microcrystalline Silicon Solar Cells:
Modeling, Materials and Device Technology (Kluwer, Boston, 1998) p. 194

5) A. Nakanishi, Y. Takiguchi, and S. Miyajima, Phys. Status Solidi(a), 213, 7 (2016)

6) ILA. Yunaz, K. Sriprapha, S. Hiza, A. Yamada, and M. Konagai, Jpn. J. Appl. Phys., 46,
1398 (2007)

7)J. Y. Hou, J. K. Arch, and S. J. Fonash, Proc. 22nd IEEE Photovoltaic Specialist Conf.
(1991), p. 1260

8) M. Vukadinovic, F. Smole, M. Topic, R. E. I. Schropp, and F. A. Rubinelli, J. Appl. Phys.
96 7289 (2004)

9) AFORS-HET (www.helmholtz-berlin.de/forschung/oe/ee/si-pv/projekte/asicsi/afors-het).
10) R. Varache, C. Leendertz, M. E. Gueunier-Farret, J. Haschke, D. Muifioz, and L. Korte,
Solar Energy Materials and Solar Cells 141, 14-23 (2015)

-14- ISBN978-4-86348-757-4



VIV AL Z A T2 Mo EAR EIZ BT 5 CuzSniGe,Ss EEE D fERL

Preparation of Cu2Sni-xGexS3 thin films on Mo substrates by sol-gel sulfurization method

I RAsf,  HT A
el R R
Daiki Otogawa, Kunihiko Tanaka
Nagaoka University of Technology
Email : tanaka@vos.nagaokaut.ac.jp

Abstract Preparation of Cu2SniGexS3(CTGS) thin films on Mo
substrates by sol-gel sulfurization method was investigated. To prevent
degradation of a Mo layer, Cu-Sn low concentration solution was coated
on the Mo layer, after then Cu-Sn-Ge high concentration solution was
coated. The precursor was sulfurized in H2S (3%) + N2 atmosphere. XRD
patterns of deposited films showed a peak between Cu2SnS3 and Cu2GeSs.

1. IZIC®IZ

Cu2SnS3(CTS) KB EEHLIL Z2MM 2> D MR D ILHE TR SN TRV, ORI EIE
10°em ! 3Ll R LG SN TWD. Z07-8, MM EROWRIE & L CREONE
FoTW5. 2L, CTSIFENY R¥ vy v 7R LF—I30.92~1.04eV 47 Lfih X
NTEY, KEEMOKER N RXy v 72X LX—ThHs 1.4 eV NHEENTH
5. INEHETHDIZCTS O Sn O—E &2 RO ITEHR TEHLT DR 72 S TW
%. CTS @ Sn % Ge TiEH#L L 72 CuzSni+GexS3(CTGS)IEZE DIRME x IZX > TR
Xy v T cx 2z B Z LB I N TS, ZE TARFIEE T, CTGS #
FEDIK a2 A N COHEFEZ BIZE L, Y AT - FALIBIC K D s A TE 2. T
AR E~D CTGS HEIEOHEFE IR L TWD L 00, KEGEM FHEME 725
Mo 5 E~HEFE S5 & Mo 2351k L CTGS #IEOHEFE /N TX 722 &E N oho iz,
T, AWFFETIE Mo B B~ L 7L BALIEIC L% CTGS WEHERTIE O
H{To7=.

2. EBRFE

BT E Mo DAL EBL T2 DIZHIDITAKIRE D Cu, Sn % & TeiAik 2 Mo HEFE
V=X T A NITT ASLG) HMD _EIZEA LT-1%, CTGS KD 7212 Cu, Sn,
Ge # B DIRIREBAT L, TD%, Zafifb U TER L7z, Bl A7 hVHIE
DI=OIZIFAED Y > 7% SLG FEb FICHERE L 726 O b [RIRFIZ/ERL L 7-.

IR FE(Cu/Sn = 0.35)D Cu, Sn ZZAHRIE, BEERHH— /KFIHIEE 99.9%) & OV
THACS TKFI R 99.9%) % EAVEVERIR, SR E L, BT 2— A MR
% ) —)VZfE I L7z, Cu, Sn, Ge &% Cu, Sn A & Ge ISR #1RE L CIERLL 7=
Cu, Sn IAIRIT ERC & RIER OEEERSR— KFIMIGHE 99.9%) M U5 1 k85 H KTt
B 99.9%) & e, HiE L, BEIIE 22— A MR 2 ) — 2R L.
2— A ¥ v Ty ) — VIR, SRERAE, V=X ) — VT I UERNMLTE. Ge
WIRIIIRAL 7 L~ =7 IR 99.99%) % Ge Ji & L, WEEICIIMAK 2 Lz, flik
IZ Ge JREHAL, X /) —LTIUERMLE. 61, 2 BRERAEHZICY T
) —=NT IR CRIREER L=, £/, BWiIRDO Cu:Sn:Ge ki 2:1:1 &
L7z, WikEAith, ZBHEEHRATICBWTT =—/L&21T\W, ZDi%, bz it-o7-.
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Al BB I 40 1 TITVY, Fifb/KSE(HRS = 3%, Na=97%)% & e 54 T COnEL
AT 121%, Bifb/KFEMHS = 10%, N2 =90%)% & e 2P F CHEVLEL 21T - 7=
MBI AR T o T INEG Tl - 7. 7T=—/, ifb—EBEE, ik —BfEEZFh
PO OMNIL, imic L v |iRICRE L. fERlE =9 7k, XRD, EPMA,
B HEC X - TRl 24T - 7=

3. BRBLUELR
3.1 U DEF

WIDIAKIEE D Cu, Sn 2 & 0% Mo Btk FICBATET, Cu, Sn, Ge 25 TR
R a8 L=V 7 VOB % Figure | D(x), (YIZ, KIERED Cu, Sn 2 &A%
Mo Mk FIZEBA U721, Cu, Sn, Ge Z EZ LK &2 A0 LTV o 7TV ORRT % (2)ITR

X z
Fig. 1 CTGS(th)in film on Mo layer not using Cu-Sn low con(cgntration solution
(x) after sulfurization (y) a few days later (z) using Cu-Sn low concentration solution

XD L DIZ, RRE DWW ZBAETIZ Cu, Sn, Ge x B LIRIR A A LTI25E, Wt
BIER D Mo BANHIA NI, ETo, Kk & & bICRBNEENES, KIEAIIZ
bYDE I/ oT2. (x), ()& T D E, (@ TIEHbE L ESH B LTV RN &
Boyhd. ZOZEnD, IRRED Cu, Sn & EFLWIRE Mo Sl EICB& AT 5 Z &
IZ& > T Cu, Sn, Ge ZFHTIRIRIZL D Mo B~DIFREEMZHZ LN TET-.
AENI@IZ DN TT ==V R ORAESRIFIZ W TR L 72 4%, FHli&21T - 7.

3.2 FEKH

P T NE@)D L DI, IKEED Cu, Sn %A L7212 Cu, Sn, Ge & TIRHE
EBALIZb D%, T=— VRO —EREH O&ME 22 2 TERL L 7=, Table1 124
FIfRET L7 Rth o —E 52 R

Table 1 Experimental conditions

(@) (b) (©)
7 =)L 10°C/min, 200°C, 60 min | 10°C/min, 200°C, 60 min | 10°C/min, 200°C, 30 min
fifb 1B p% B ]10°C/min, 200°C, 60 min | 10°C/min, 200°C, 30 min | 10°C/min, 200°C, 60 min
i b 2EE B B 550°C/min, 550°C 5 min

o TN DT O AT kL% Figure 2 (2R, @i S E 13 AiAL — BEpE
HOMEBGE T, =R FIZB W CHRIBERZIZIT- 7.
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60 45

0
(@) —60-60
40 (b)—60-30
(c)—30-60

(a) —60-60
(b) —60-30
(¢)—30-60

Reflection(%)

200 700 1200 1700 2200 200 700 1200 1700 2200

Wavelength (nm) Wavelength (nm)

Fig. 2 Transmittance and reflectance spectra
FlE@EbZ T2 L, OITEBEENMENZ &R 0D, BREEMTH D
CTGS DO/NY FF¥ v v 7 L) b RWEREIZB W TOIERII() & D (b)DHRKRE S,
(b)IFEAFRL K a7 EHIEO S E MR EHERI L TV DL Sl (o)id(a) & TR
ME K BIHEDNMENZ ERG0 5. ZOZ ENLEM(C)D XL HITTHZ & TRMANE
LSS EHERIL TV 5.

3.3 EPMA
EFEOY 7% EPMA TodT L7z, Akt Cu/(Sn+Ge), Ge/(Sn+Ge), S/Metal %
Table 2 (27”7,
Table 2 Composition ratio of each sample

Time - Time (min) Composition ratio
Anneal - Sulfurization Cuw/(Snt+Ge) Ge/(Snt+Ge) S/Metal
(a) 60-60 1.15 0.24 1.40
(b) 60-30 1.33 0.32 1.17
(c) 30-60 1.52 0.29 1.03

Table2 LY, SFE)EHENDRNE CuGHENEZ TWDLZ ENN05. Zh
1L Cu 28 11fli, Sn, Ge 2 4 iDHRFALEME 0> TWDH T8, Cu D3 EFEXTIIIC
S/Metal 23D L7270 EHERIL TV 5. ZHICE LTk XPS 4 CTHER T A MLENR H
5. F1z, Ge, Sn Ik & LTHARLLTWI Enn, CullxtL, FXHIIC Ge,
Sn, S 23 L7272 Cu/(Sn+Ge) 23 HEN L, S/Metal 3 L7z Z & & FHITEX 5. (a),
OFIET 5 L, BEFEHKPTTOT =—ANEL RS E CuNELEACHD Z &
W%, CTS i Cu-poor DFNRLSFEET LI ERHMOLINTEY, CTGS bIFAERD
ZERHER SIS, 2V Cu-poor Tidd D7 Table 2 LV, (c)DSFM—FEAER
IR NS E 0D A%IEE 5 L Cu A BZ T RIS O Bk
ERETOIVNERD D.

3.4 XRD

Figure 3 (245 > 7LD XRD OfE R Z7~7. (a), (b)TIEXRD OfER LV H#HEHI S
HRREIE x =02 TH 7= U b)I2B W T, EPMA OFER LI LT Ge N HD D
R DOEIE DI DL, FEOWNERT Ge NELFE->TWVWHTZDTH Y FERIETIL x
=03 ThD LA L TND. (a), (b), ()T XTOH T MITEBNTHOTHNIT CuSnsSy
D HEADBIH S 7.

WIZHEAZBRET 72012 —BERFEFH Otk £ TOSAM4:% Table 1 O()IZ[EHE LT,
2 BtpE H DR % 500°C, 550°C, 600°C @ 3 /3% — > Thiifk #1T - 7=. Figure 4 {Z XRD
DFER %, Figure 5 I A A > B — 7 ZHEK L= HR %2777, 500°C, 550°C Ti% Cu2Sn3Sy
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OEMMPBLIH S 72, 600°C TIXZOEMTIZ LA EBRIS R oo, ZORER
D ORALIRES IR 213 EBMITRES STV EHERIL T D, LaL, #itk
BENEIRICRHIZEE—T D CTS HWVIZY 7 FLTWA., ZHIEEIRIZRDIFE
CTGS DRkEN T — 1T Ge BT TLE D LHRLTVS. 4%, “hb
DOFEHZR L TH EPMA (Z X DG 21T 5 LERH 5.

700 4 700 - 5
__ 600 4 L (@ | — 600 - : : (a)
£ 500 A £ 500 1 N

5 400 - L 5 400 A : :

5 b 5 b)
£ 300 A J ® 1 5 300 - (b)
< 200 - < 200 - ; ;
£ 100 o A A © | 2 100 1 S~ @
S T T T T T T s 0 ' v " ~
E 0 I ; (.‘112511537#()4-0I()-57|9 é’ u2GeS3_#01-0088-0827

| Cu2GeS3_#01-0088-0827 Cu5nS3_F04010-5719
A
10 20 30 40 50 60 70 80 26 27 28 29 30 31
Diffraction Angle, 26 (deg.) Diffraction Angle, 26 (deg.)

Fig. 3 XRD pattern at 550°C

1000 800

900 - Mo 700 4
o o0 ¢ = 600 : : 600°C
‘=‘ 7 0, — A
5 S0 S kA - I o | 550°C
_g 200 1 (‘:uZSngs7 550°C 'E 300 : &
> %83 1L ) | 500°C i 200 - E j 500°C
% 100 1 2100 -
‘t:':') 0 T Cu2SnS3_#04-010-5719 § 0 (u2GeS3_#01-0088-0827
= . 1 -
| ("lllz(ics,\ #01-0088-0827 Cu2SnS3_#04-010-5719
T T T " T T T T L :
10 20 30 40 50 60 70 80 26 27 28 29 30 31
Diffraction Angle, 20 (deg.) Diffraction Angle, 20 (deg.)
Fig. 4 XRD pattern Fig. 5 XRD pattern

4. &0

VIV VRRAGIEEIC XD Mo HE_E~D CuaSni~Ge:Ss RO VERNE 2 fimt L, Bl xK
$t 227 kL, EPMA, XRD ORIEZIT-7-. (KIEED Cu, Sn & iRk % Mo i
W EICEBAA+T A2 212X -> T, Cu, Sn, Ge ZETIRIKICE D Mo JB~DEB 2z
HTZEMTE, EPMA LV, E2FRFPHK T TOT =—/LE 30min TIT-o 72845, B
TR 72 MR EE I — /WS RS B 172, XRD OfE R S AL N E WSS, £
TITHERCEEDS x = 0.2, EPMA OFER X VIERSARTIIx =03 THDH EHER L. #ifk
BENEETOHAIETERMOBRENETLZ ENpholz. L2L, SIRTHILE LY
I IEE CTGS DORENRETe— 5T Ge kT 7=, BIRTIZ Cu o EHEN D70
729, FEHRIKOMLZHE L, Cu g A ELZHESCL TN T ENEE R D.

i

AWFFED— T =7 Y — )L F IR N R SRR KRR RS B O
Bk a2 7= b DT,
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Study on Cu/IV ratio dependence of CuSni..Si.S3 by luminescence observation

CBRHEL B A
RMBME A RT: EREE R LR
°Tatsuya Tsukame, Kunihiko Tanaka
Nagaoka Univ. Tech. Dep. of Electrical, Electronics and Information Eng.
*E-mail: tanaka@vos.nagaokaut.ac.ip

Abstract

Cu2Sni.Si,S3 (CTSiS) is a potential material for cost-effective and non-toxic absorbers in thin
film solar cells. However, the basic physical properties of CTSiS have not been thoroughly
investigated. Therefore, polycrystalline CTSiS with different Cu/IV ratios grew by solid-state
reaction, and photoluminescence was observed. As a result of PL measurement of these samples,
PL was observed at ~0.92 eV, 1.04 eV, and 1.13 eV.

1. IZC®IT

T4, LB KB TH 5 Cu(In,Ga)Sex(CIGS) ARG B I T 55 ia A Ha%h =R 23.85%!!]
EEMRL, HHIN TS, LML, CIGS KEFEM® In, GalIfbtETHY, Se
EHEOBH L ITLHETHD. TO®, EaENOIHILHEZ AW T2 KBEEMD KD 5
%. CurSnS3(CTS)KIGEMIIMEE N DOILHITHEZHWTE Y, EEER SR TR
IAREI R E < 10*em DA ED TV B R, CTS D m A #ahR1T 4.8%5TH %
N, MEINTNDH R RE vy v 7T %)L —(Energy gap; Eg) DI, 0.91 ~ 1.04 eVI+6-
NADFPHIZH Y, FKiEE SND 14 eV LV NRV/NSWETHS. CTS O Sn D—E
% Ge IZIEHL L 72 CuaSniGe:S2(CTGS) I Eg % 0.933 ~ 1.544 eV O#iPH Tl ¢ 10
A EHR 6.7% A EK L TS, LML, CTGS @ Ge lZ#FmbcHzETHDH. L=
235 C, CTS @ Sn O—¥B% Si |ZEHL L 7= CTSiS % & L7 KIGEMOWMIE LT
NTW5. CTSiS (3#EE CILARTTHEEZHWTEY, Eg % 0.85~2.56 eVI'2E T2
TE, Eg ¥ 14 eV ObDFHEASRKGEMIZANTWNDS. LarL, CTSIS IEmMmE
RN ERI SN TE LT, EMMEL AR THSD. £ 2T, AWFSETIE CTSIS DX
WEMME DO FREBIZ 1A C, CTSIS D &fEa NV 7 & Cu/lV R 2B 2 TERIL, 7+ b
)V X 3 & > A(Photoluminescence; PL)#LHI % 1T - 7=

2. EBRFE

BINEEL CTSIS DJFUEFE LT Cu(99.99%), Sn(99.99%), Si(99.9%), S(99.99%)D 3
RuEfH Lz, AL ERIE Si/(Sn+Si) = 0.6, S/(CutlV)=1.0 D% & T, Cu/lV &
A2 =8, Cu/IV=1.55(Cu-poor), 1.60(Cu-stoichiometric), 1.65(Cu-rich)?® 3 ->D#H
OB 2 ERE U7z, BURHE, JRBHZ 1 RFRES LRI L7, AT 7 VicHE
zedf N U7z, [EFR AR OIRESEIE 2°C/min T 400°C £ T LH &4, 400°C T 24 B
MRFEL, £ D% 2°C/min T 750°C £ CTLEH &, 750°C T 24 FRfREFL, Z Dk
ICEIRE CTCARGAILTZ.

RELOALEWIRE, Eg DHEEDT-HI1Z XRD, LT D=2 EPMA, Eg Ot
TED T DR EHE, YTERAE O 72D PLE 21T > 7-. PLERNITIX, Bkt
JRIZ LD F: 650 nm)%Z VY, PL A7 b VIR EER AN ONC b 5 B e A7 & 8
NR7e. 728, PLITESIERE 750 mm OKRY 7 v A—4 Tt L, InGaAs v /LT F ¥
RV TR L. BUARERIZ A PLOEY—7 23 VX —, 1§, @& %
BELCHIAGAHTT 4 v T 4 T &7,
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3. BREBLUBE

CTSiS ® XRD /¥ —> % Fig. 1 \Z7~"7". Cu-poor(ffiA#x Cuis5Sng4SioeS2ss5), Cu-
stoichiometric(ftiA 7 Cui.6Sno4Sio6S26), Cu-rich(fiAZ: Cui.65Sn04Si06S2.65)D 3 FAAELD A
A4 28— 7 1T HE A S CTS(Powder Diffraction file; PDF 04-010-5719) & B 4}
CuzSiS3(PDF 01-089-7922)D A A ¥ — 7 (28.4°~29.9° YDz ~7=. Lo, 3 REHT
AR & LT CusSiSe(PDF 00-039-1198)DF5 N — 27 A3 48° fFUTICHER & 417=. CusSiSs
DAA B =7 13 TE WD, CusSiSe D—HE — 7 N T 2728, FET D
AREMER B D LB X TS, FTo, 48AHID B — V7 IIRERRKIGIZE Y B —27 2353
BEL CWADAEEMDRH D, THETIZ, AL v —7 OB LM x OBIfR, HHEK
btk x & Eg DB3£R1F K. Toyonaga HIZ X W /RS TWAM 23k Y, Cu-poor(fliax
Cui1.55Sn04Sio6S2.55) ,  Cu-stoichiometric( {12 IA & Cui6Sno4SioeS26), Cu-rich( ff 1A 7~
Cui1.65S104S106S265)P XRD [E|P/NF —>2 D A A & — 27 LR x, Eg DBfRIZ, Cu-
poor(ffiA 7+ CuissSno4SioeS2s5) T x = 0.44, Eg = 1.32 ¢V, Cu-stoichiometric(ff:iA
Cu1.6Sn04S10.6S26) T x=0.51, Eg=1.41¢V, Cu-rich(ﬁii\?% Cu1.65Sn0.4Si0.6S2.65) T x=0.48,
Eg=137eV L7257, AR CTSiS OFUNIMER S5 N & 72572 Si 23 BARIC — 5B
HAEINTLES2D, XRD 2 BRD IR x 1 ZfAA L 0.6 LV /S oz b
EZTND.

L o ' 1w | Cu/(Sn+Si) = 2.18(Rich)
3| S P ¥
% AA B Lo Cu/(Sn+Si)=2.09
E : i . i :E ii i J\":ri— ( stoichiometric)
2 ] Ly Lo
= 1 e | | Cu/(Sn+Si)=1.83( Poor)
| IW [l [\ WU
:: B B
| CugSiSs 00-039-1198
1 | 4l l.l A lan N T A
| Cu,SnS;04-010-5719 monoclinic
. |
|| Cu,SiS; 01-089-7922 monoclinic
: Il A : I . | T 1
10 20 30 40 50 60 70

Diffraction angle, 26 (deg.)

Fig. 1 XRD patterns for CTSiS.

EPMA (2 X 2 B0 AfE 3L Table 1127797, 35089~ T S-poor & 72 - 7=. K. Toyonaga
DIZE VRSN TV DRI x & Eg BRI LD, x DG Eg 2RO K5, Cu-
poor(f1:iAZ: Cui 55Sn4Sio6S2.55), Cu-stoichiometric(f1:iA# Cuj 6Sno4SioeS26), Cu-rich(fl:
IAFr Cui65Sn04Si0.6S2.65)CAVE AL, Eg=1.49eV, Eg=1.56eV, Eg=1.55¢eV L72 o7z,
EPMA 7> 53R 72 x OfEIE XRD TR 7z x DIEL W K& < 2o 7223, T4 XRD D
e R ARk, —#B8D Sild CTSIS TBRD SR &g, BIEE L THEA S D
EEZTWD. T2, xBPREL -2 8T, EgDfEb RKEL 72> T 5.
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Table 1 EPMA results for CTSiS.
Cw/(Sn+Si)  S¥(Sn+Si)  S/(Metal)

Cu—pOOI‘(Cul.558n0_4Si0_682455) 1.83 0.63 0.60
Cu-stoichiometric(Cu, ¢Sng 4Sij ¢S, ¢) 2.09 0.65 0.60
Cu—riCh(Cul'6581'10.481'0'682_65) 2.18 0.58 0.73

VT, IEBEHAIEIZ L » TRz (ahv)? 7 > D Eg Z23RD7-. EHICE
5 x DE%E BAE Y - 72, Cu-poor(fiiA # CuissSnoSiosS2.55) T Eg=1.36eV, x=0.47,
Cu-stoichiometric(ft:iA 7 Cui.6Sno4Sio6S26) T Eg = 1.36 eV, x = 0.47, Cu-rich(fl:1AZ~
Cui.65Sn04Si0.6S265) C Eg=1.41¢€V, x=0.51 & 7L£07L_

Fig. 2 (a)IZFEHEE 6 K, hiEs8E 37.8 Wem? (2817 2 F RO &L L 7= PL @
L AR 2R T, K 1.0 eV 2 B — 7&#5%#ﬁm%tﬂﬁwéht.oﬂv
WML TR Z21T 9 &, Cu-poor(fliAZx CuissSng4SioeS2ss) CTra T R /LFX —(K 1.1 eV)H|
DOFFNFRL 721, Cu-rich(ffiA Z Cui.65Sn0.4Si0.6S2.65) TIEIKTZFK/LF—(§7 0.9 eV)D
MR L 72> 72, Fig. 2 (b)IZ Cu-stoichiometric(f1:iA Z~ Cuy 6Sno4Sio 6S2.6) D A7 kL
3OO —ZIZHBELTERERE B — 7 Z XX —H IR T

Fig. 2 (c)IZ Cu-stoichiometric(f1:3A %% Cuy 6Sno.4Sio.6S2.6)FF DML IRE Pexe & 45— 27 D
O REE I DRAMRZ RS, FEAROFLITA(D) DRI N T, y< I TXEEIZE
THIIE, 1 <y<2 TR FRIEE 1T/ R & 72 513

IPL x Pexc (1)
Cu-stoichiometric({1:iA # Cu16Sno4Sio.6S26) D4 E— 27 1Xy< 1LV /NI o Teicdh, T D
AT N — « 7 7 &7 2 %S5 E(DAP Ft; donor-acceptor pair emission)(Z &
HHDEEBEZBND. £z, Fig. 2 (d)IZ Cu-stoichiometric(fl:iA A Cui.6Sno4Sio.6S2.6) D5
E— 7 BT DREME & v — 7 =X L X — OBk A T, B SR S EWIRRT DT
IR — 7®@@@%mf%é‘d§%tﬁﬁﬂﬁ“ﬁit ZAQL: S N EIETANAY
ZAE, BhEFRENMEROEKRE, B SR IELS TETWRWnWZ EiZky, v—7
V?%%%EL<%E%M&#0KK@&%%TV5

Fig. 2 (e)IZ Cu-stoichiometric(fl:iA # Cuy 6Sno4Sio6S2.6)7 PL A7 K JWREEK A7 REE
Zad. F72, Fig 2 (DIZ Cu-stoichiometric(ffiAZx Cui¢Sno4Sio.sS2.6) D78 R A 2(2)
ERWCT 4T 47 LIzfEREZTRT. X)X DAP BHDOIEML= R /L ¥ —% K
OLEHEMNT2NTH Y, oI ZHBIEE, Epa i TEH =R VT —, F TRy~
VEBTHS.

Io

I(T) = 3 3 - D/A (2)

1+aTZ+fTZexp( )
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« G Cu-stoichiometric

L0
_ 6 K, 37.8 (W/em?) (Preparation ratio:Cu, Sy Sl S:0) (Preparation ratio:Cu, (Sn, (Sio ¢S, o)
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= E] £ LOE+02 A\Peak 2
= = E =
= 0 = 3 7=0.65
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02 Cu-rich
o1 (l'repamlm.n ratio:
Cuy 655my,Sig68;.65) 1.0E+01
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g 100 /\Peak 2 Z SIK & LOE+02
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(d) (e) ®
Fig. 2 PL spectra. (a) PL spectra of CTSiS at 37.8 W/cm?. (b) Peak separation result at 37.8
W/cm? in Cu-stoichiometric (Preparation ratio: Cui.6Sno4Sio.6S2.6). (c) Relationship between
excitation intensity and integrated intensity of each peak in Cu-stoichiometric (Preparation
ratio: Cu1.6Sn0.4Si0.6526). (d) Relationship between excitation intensity and peak energy of
each peak in Cu-stoichiometric (Preparation ratio: Cui.6Sno.4Sio.6S2.6). (€) PL spectra at from 6
K to 160 K from the Cu-stoichiometric (Preparation ratio: Cui.6Sno.4Sio.6526). (f) The result of
the relationship between temperature and integrated PL intensity.

Cu-poor(fl:iAZ~ Cui.55Sno4Sio6S2.55), Cu-stoichiometric(fl:iA# Cui6Sno4Sio6S26), Cu-
rich(fEiA# Cui65Sn04Si06S265) DA B —2 TE—7 =R /LF¥—, 5 IEMALT= RLF—
Z RO T-FER %A Table 2 12789, Table2 LV, CwlIV EHEIZE &9 1.13 eV, 1.04 eV,
0.92 eV {1 Ty<1 @ DAP )t L HERI S NV ADED NN AR MV BIHl Sz, £
77, =27 NEEMHAETRAX—IZONWTIE, 50X N KXW —HiclrE
L TERVD, K= R X —ll|(Peak 3, #90.92 eV)DIEMAL= R /L F—(3F 30 meV &
DRELRDHAREMEDNH 5. FEIRIZEHIT 2BURE = /L X —HK) 26 meV TH L7720,
Cu-rich(ff:iA % Cui.65Sn0.4Si0.692.65) TILE AL L7BRIZF v U 7 2 i3 5 L 5 72 KA
72D ATREMEDN B D & B Z TV D.

Table 2 Results of peak energy at 37.8 W/cm?, and results of y and peak shift obtained from
excitation intensity dependence characteristics and the result of activation energy obtained from
Arrhenius plot of temperature dependence characteristics.

Cu-poor(Cu, 5551 45i9.652.55) Cu-stoichiometric(Cu; 6Sng 4Sio.652.6) Cu-rich(Cu, 5Sng.4Si.657.65)
Peak 1 Peak 2 Peak 3 Peak 1 Peak 2 Peak 3 Peak 1 Peak 2 Peak 3
Peak energy (eV) for 37.8 W/em?® 1.14 1.04 0.93 1.13 1.03 0.90 1.15 1.04 0.94
b4 0.49 0.11 0.59 0.27 0.65 0.59 0.53 0.42 0.46
Peak Shift (meV/dec.) 1.8 1.5 50.5 2.0 1.0 7.5 8.2 0.9 7.1
Activation energy (meV) 15.0 232 31.6 23.8 345 37.8 50.2 61.8 44.0
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4. FEim

Cu/lV JEZZE %z, CTSiS ik a R L PL Bl 21 To7-. 1ER L7 EHIEBE
F023, Si/(Sn+Si)=0.5, S/(CutIV)=0.6, Eg=1.4eV T& v, Cu/(Sn+Si)=1.83(Cu-poor),
Cu/(Sn+8Si) = 2.09(Cu-stoichiometric), Cu/(Sn+Si) = 2.18(Cu-rich) Dkt ERlcx 7= &
EZTWD. ZnboiEE PLEII L7255, 1.13eV, 1.04eV, 0.92eV (HUTIZHED
WIS, ZHDDOFRNKIIDAP B THD EHERI L=, £7-, CulV &
LBz XD AT FVIZE WA B I, Cu-poor T R/LF—MINE 720, Cu-
rich(ff3AZx Cui.65Sn04Si0.6S2.65) TR R /L — I DFEIE23 50 < 7p o 7z
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N T RIA FAEER CsPbI; DHRIN AR ML OE—REEHE
GaAs L DB
First-principles Calculation of Photo-absorption Spectra of
Perovskite CsPbl3 Semiconductors : Comparison to GaAs
WIEERIZS, AN, FrilifEsl
TIEKRY MABL TN Py a— 2
Junna Hatsushika, Masato Ishikawa, Takashi Nakayama

Department of Physics, Chiba University

Abstract Electronic and optical properties of solar-cell perovskite semiconductors such as
CsPbl; are studies by the first-principles calculations and compared with conventional solar-
cell semiconductors like GaAs. It is shown that, although the band structure is quite different
between CsPbls and GaAs, the photo-absorption has similar spectra in visible-light region.

The reason of such similarity is analyzed based on their electronic structures.

1. IZL®IT

NBu T AHA MHEER (PS) 1T, WEERE FICBW TR X FTERITE D, 4
D Si X° GaAs |ZiH D WA A Ffo 23456076 RHARCKEGE A B LT
Ff SRS ANTHFZE S TN D, FFIC PS DRI AT kU BET A %8150
N, A UALORHEEZ RS 89 N RGN 70D GaAs 5O M-8R L 2T [ L
Z e U 7R RIEAR 7270 <. ED X D 7R A TIRIAREE DR 3MN R STV 2 03
BULILEZR N, & 2 COARBFZETIXLPS & GaAs DB &2 5 —JREHRIC L 0 el L.
W D JEF ) 7 33 - FHE R A B LT,

2. HEFEEET L

PS & LT CsPbls Z8:HT 5.,
Figl.(a) & 1(b)IZ CsPblz & GaAs D
BN & /v 9, CsPbls (3% 7 EH a
=629 A DL H O % GaAs I

@ . ®

a=4.08ADNEEMIEEL LD, gmi bl Q Of}

% HE L BB AR 2 5 < A — I D

R & HFRE A B VA a ’

(pspwf = — R) ZHW\W5H Z L2 & Fig.1 Unit cells of (a)CsPbls and (b) GaAs.

., FNEHDOETREE LRI
ANRY MVERDTZ, O 72770, AV CHLUEMAERITE 2T, KB L X —
E L CITRmprEEREl (LDA) #8H L7,
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3. BMRBLUBZE
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Fig.2 Calculated band structures of (a) CsPbls and (b) GaAs.

[ Gane]
() 2) HRFE M "_‘4* (2) T

0-5 - 5-10 m 10-15 5-10
(x10716[a.u."3]) 1o 15 = 15-20

Fig.3 Wave functions of conduction and
valence-band states of (a) CsPbls at R point
and (b) GaAs at Gamma point.

3.1 N RHEE & E DR, FHERKOE T e(w)

F9°, CsPbls & GaAs D/ MEEDOREZ R T 5, Fig2 ITFtR LV ko=
FINF—3 RTH Y CsPblz TIiE R A, GaAs TIL G SUCEBWCHEER D X 5,
Flo, TRLFXF—F ¥ y7°0i%zh%“zh 1.16eV. 0.67e¢V &72->7-, CsPbls & GaAs D
EESEENEE D k SRITBWT, N2 REOEEIRIS % Fig.3 QI RT X 5 i o
Wri X ECRTHD & X(1),2)D & 5 IR & 72 > 7=, CsPbls DfRE R (XTI Pb D
p s%ﬁ(%ﬂ WINZTI O s fuE), MEFH1E Pob D s #LE(+H O p #iH), GaAs Dix

% Ga D s BLE(+As O s #liH), flifE - H1EL As O p WUEN BRI TH D,

CSPbI3 & GaAs Tl lidE 74 LB 2T DHEDRERIZ /> TND Z &
DD,
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WIZ, BEOYWE THFRIEICED L D 723l MESND D DNERDH,
WU A7 R U 4 Bk B e(w) 2. (D) Z AW CER LKz, 10

(@) 8n2e21z|< tp> 8(E, — E, — hay) |
EHr(W) = — hw
2 m2w?V Lt (1)
e B
(a) (b) (c)
50
50 10t
40 40
- 30 = 30 ~
é é 3 100 o
5 20 3 20 =
@ @ -] —GaAs
10 10 -
0 0 101 CsPbi3
0 2 4 6 8 10 0 2 4 6 8 10 15 20 25 3.0
Photon Energy hiiw [eV] Photon Energy hw [eV] Photon energy fiw [eV]

Fig.4 Calculated imaginary parts of dielectric functions of (a) CsPbI3 and (b) GaAs. (¢)

shows the spectra around the photo-absorption edge.

CsPbls & GaAs DfEFR % Z NN Figd(a),bIZRd, ZZ CREEME L CEERA
ﬁt@ﬁixw%Hﬁﬂ(%W%)%ﬁ@ﬁfk\mw@@;o_ﬁéo_@ﬁix
JUX—EIR CIE, MENRRREOME & AT N EERED Z ENGND, IRIZ
(IR L= X 912, FEMe(w) % BBIRIE & cRIRIETE B2 iF L. %M%m%*
iz, FHREEEEICE L Tix, Q))& AW Ty RutOFNE & m*a R, REE
BED(w) % £ T N@ITRA L TRDTZ,

-1

men = (58] @
et .
D@0=C+Am%me—EQ (Ca: EH) @)

BRIREE . SPIRREB E DR RS B4 Table. I 179, BBMEIZIBVT, CsPblz I
GaAs D 12 fEORE ST/ | cPIRAEEEIZIUV T, CsPbls I GaAs D 2 [EDOKRE &
2725 2 &b EDOFEIX CsPbls,GaAs & HICIZIZFR U RE S LD ENRGoT,
Bz, N RO SRR E (B e (0) D= 3L ¥ —E) NEEEDO KX &
2725 Z LT E B,
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Table I. Calculated optical transition magnitude, joint density of states, effective masses of

electron and hole around the band gap, for CsPbl3 and GaAs.

CsPbls GaAs

BRIREE 0.0403 0.0979

PR e B 0.0285 0.0126
ETFOEEEM, 0.395 0.0606
=N DEEEm, 0.122 0.520

3.2. FHEBE O FEHe(w)
EHICHEEREa(w)E . FOUFDIETH D HERa(ONZHOWTHRD, ihE
He()IX(5)D 7 F~—A - yan—=b OBBRANSEHT L ENTE S,

2 [0} 7 ! 1
81(w)=1+;Pf0 ) %dw (5)

CsPbls ,GaAs & Del(w)/ 7 7 % Fig.5 12, = DY OETH % €1(0)% Table. I (27
L7z, ZORERNG., FHEREE(w)D @ /L F—FHIR DB, FaAEROEDE
WEAEBHLTEEE I ENRTE D,

24 Table II. Calculated dielectric constants of CsPbI3
14 —GaA and GaAs.
S
Eﬂ 4 CsPblIs GaAs

-6 B e
\A/ R L 5.43 10.55
16 £1(0)

0 2 4 6 8 10
Photon Energy Aiw [eV]

Fig.5 Calculated real parts of dielectric
functions of CsPbls and GaAs.

4. HEEE

FJREFE A VT, Ny FEEEOREN B 72 5 CsPbls & GaAs O RHFEE
T, EORER, MEITITERRE PR O R E JITH LB L BT
2, ZOME UTHRIGREIZRIBEDRE I L7257, N RIRIHIZIB VLT
MBI T RN 2R 2 & Doy o T2,

BIEE  AWFZEIL MEXT FHFE(17K05488)D Bk % 5% 1. WM ZERT « 4> F B 245
AT« SN KRFZOFEM Y v 2 —OHFEMKZRHA L £ L=,
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Zn RANEET R F DR BEREEE AW TR EEO/ER & 3l
Fabrication and evaluation of optical thin films prepared via
layer-by-layer deposition of zinc-based semiconductor nanoparticles

REF KM, & K2 WE fogt e, o HEk!
1. RFRFREE T, 2. REHiSZREE T, 3. T TR
Daichi Kino!, DaeGwi Kim?, Kazuki Wakita®, YongGu Shim!
1. Osaka Pref. Univ., 2. Osaka City Univ., 3. Chiba Inst. Tech.

Abstract The optical thin films have been prepared via layer-by-layer
deposition of ZnS and ZnSe nanoparticles on glass substrates. The thickness
and optical constants of the prepared thin films were determined by
spectroscopic ellipsometry. We demonstrated the applicability of multi-layered
semiconductor nanoparticles as a material for optical thin films.

1. IZU®IZ

JFER X, B O JEITER O B0 5 R A A A Y, ORI AR
L7HEREMEMIR CTH Y, DA T DL U AN T 7 A N—=T2 PR BTV 5,
UHAETIE, F R (NP : B nm) & W 72 6 O 28 - BRI BSEEA TV 5,
JRITIE, FOV A XLV HEELDS NS WD T kB E AT M & e
RIDZEenTE, o, HEIZKH L THLHEETE 2 Z N> TW1AS D, TiOs
JRif& 8102 F ki 1&gkl U CER U 72 KBS IO ERL 221X U8, 3T
(ZERALW)F  Rio- 72 EIXNFHEEA~DISHABEA TWD, L L, Bk 2 ki3,
BEAERLOBEDO Y A XA BKRE L, BB LT DR E 2T /R 2 ERT 5 00
WEETH D, Fo. (EEDOEITHRMWESBDBI VIR T- BRI, BOMELZHEL
RIFE R b nEn ) —EL H D,

SR N YA ol = O ([ NPk AR VA Sl = (NN < e G K £ 95 ) B Sy/NY 12 B NS gV SN 51
Hiv, E Ry MUKE&ERYD, &1 Ky L —F =904k KFE N ~— 07 D
B DT NA RIEHEN TV D,

Foz T8RRI, TOFEE, A X, AR, BIYNT LD EV R E
TEE AT 292 LIZHEB L, Y8R R OR 0 BF 8K T kL1 OIRATR
W E T A= L UTcfie OF /R HEMEREKE (3 nm) Z(ER L. SeeEs]
ENCBAT DR Z T C& 72D, —F, SOTWRhEEFH T 2 65RO BEE3
DOWERA—4— F10~% 100 nm) NERIND, TDOZ Lnb, FEET ki1
DNFHEE~OBEH DO 7= D%, T /R T OLZERERENMLEL 725,

AFFFE T, -8R D ZnSe® IS I Y ZnS F / Ki1- 9% FV T, Layer-by-Layer (LbL)
BIZEY, T A=A = —TCEELZGI#E L= ki 2R ER L, 45k
T YA RNVIZEDHEND, ZORE, BE, BIrRZ25HMIT 52 & T, 8K
TR O T EERR OIS A REE B ST A EEHE L,

2. ERFE

ZHVETIZ, H.B.BuerallZ X o TKEE R T 1EZ HW 2 CdTe-NP D& L & 5 HIFRF
PEDSERE STV D 19, AR T HKREVG BIEIC K 0 /ERL X 4072 ZnS-NP (¢ 2.5 nm)
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Fig. 1 Schematic diagram of the (a)
mono (b) multi layered structure with
nanoparticles and their optical models
for ellipsometric analysis.
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Fig. 2 OD at the excitonic transition
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Fig. 3 XRD pattern of multilayered-
NPs : (a)ZnS and (b)ZnSe.
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Fig. 5 Refractive index spectra of
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Evaluation of transient response characteristics of light-induced deformation
in layered T1GaSe> using Sagnac interferometer

AeEpREIK !, vk AER Y W EF0#E 2, Nazim Mamedov?
1 BRFRPET, 2. TETKRT,3. TEANRL Py VRZET AT I —
Ryota Kitano', YongGu Shim!, Kazuki Wakita?, Nazim Mamedov’
1. Osaka Prefecture Univ. 2. Chiba Institute of Tech.
3. Azerbaijan National Academy of Sciences

Abstract The time-resolved light-induced deformation phenomena in layered TlGaSe»
has been investigated using Sagnac interferometer. The deformation occurred repeatedly
in response to pump light irradiation. We successfully observed the transient response
of the deformation with pulsed laser using Sagnac interferometer.

Sample
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B T & T IR ORI RO viroy < N
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Yo OIS ERBCHE O EMIAIZH b
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JISBERFE IO, A Ty ViEE W :
PEICERERHRIC I D LA TE 729, fiEsk  Minor W’WMH Detector
BTN TEEZRERIS N o
T BDIISEAHE L [ 2 e e orrengen
OO T DX, KV @O RERSEE
BLOA A=V U THENARETH S Fig2 I Lier=x v 7 FHHEZEA LT
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Flo, A A=V UTFHAIGARETH DL, Fio, MOTWEHILERFRRE 2B D720 /
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wEOWMPEINEREEZNE LTz, £72. ARERIEIC 2 A
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I[#] 0.10s~0.01s), 20mW (23 1F B BB D /)L A BEIRF MK EM: 2 7797, ()X =B
R OEFVIz2L—TalfRTHL, 2206, 12V ZADOTRVF—HINIEN
EREBEMLTND Z ERbnD, ZHUTET R F—DFAREINT K0 JeBE
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Tablel Time constant of photo-induced deformation during and after irradiation.
During
irradiation Ton

Pump
Intensity
(mW)

Irradiation
time (sec)

Exp.

0.01 0.2 0.02 0.01
0.05 1.0 0.03 0.02
0.10 2.0 0.05 0.26

Fig.6 [Z7R 2 775 )L Z RS IR/ 0.1, #0 IK LJE
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FemBBE XD Z iz b AR EIfafEm 2 R
T ENDND,

AWFIE CTHESE L 72 E R OMERE(RF I A &0 E
RO Z 3T 2 720, FEIFR 0 L 2 BERE, = 2
TlE, SV A—=F—DOR TV ATk 5
WIS EREZE LT, ZORR%E Fig7 1R 7,
TRBRIEAR TV AR R LTV D, R T 7L A
YRS 6.67msec, #80 IX U A4 15Hz, 20mW
2B DHFHRALTE OIS Frik 2 JE LTz,
Fig2 & [RARIC, AR 7 HRRK RN A U, RS
BRICEEDERT DT DNb0nb, ZRLETOTA
7 oy DEE O THIE RTEE T & o 72 FREDERER
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HIERE(120mW) £ 0 KW BEEHE R T —Q20mW) T D
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PERRIBE S LD,
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Raman mapping evaluation of CZTS thin film in micro-meter region

4% H ' Raul Paucar', & HEK 2, Nazim Mamedov?®, i Fofs!
1. TELERY Lyee EXEEHR LFHE,

2. KIRIFSERS: ekt 1 - BRI B L5508
3. TEANA D URYET TR —, WS ET

Abstract We reported the crystal structure on surface of CZTS films using Raman
spectroscopy by two-dimensional scanning. In addition, we analyzed the change in
crystal structure before and after sulfur-anneal treatment to CZTS films. The result
showed that CuxS distributed on the surface of as-deposited CZTS films was estimated
to be 13.0 (um)? by high-resolution Raman mapping approaching the diffraction limit.
Furthermore, it was found from the Raman mapping that the Cu,S phase was reduced

by annealing sulfur at 600 °C.
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filzs A7 L(Tokyo Instruments,  Table 1 Composition of CZTS films before and
Extended Nanofinder 30)% > after sulfur annealing.

=5 U AT o T if_\ as.depo | 400°C | 500°c | e00°c | 700°C

. Culat%] | 24.6 25.3 235 20.5 37.3
2 L—4— (A
JEIRIZIE LD [ K (i3 Zn[at%] | 20.8 20.5 19.6 16.9 10.1

A7 va=y 28, HE Snfat%] | 10.0 9.2 9.1 10.3 8.5

S3onm) & I, Oz, L— | Slat%] | 447 | 450 | 478 | 522 | 442
SR _ . |Cu(zntsm)| 080 | 085 | 08 | 075 | 201
—UGEERT S 2 21T Zn/Sn 208 | 223 [ 215 | 164 | 119

FoTRHED T~ E—RD S/Metal 0.81 0.82 0.92 1.09 0.79
~ v BT EER LT, WIEREICB T D BMESM - RESZFHA Lz, B, L—F
—HRHPRIT 1~2pum & U THIE AT LT, LU TFIZ as-depo K & 7 =—/LiRJE 400, 600,
700°CIZ 38 1) % HEEER 1 O BARFRMT RS R 2 7”7
3MERBLUEL CZTS CuS CZTS
Figure 1 137 =— ViR JE AN R Y 4
600°C. A%+ > U 7 100um
X100um ([ZF1F %5 Cu,S D A, E
— RV @75emf iz k57~
ey BT ThL ELT
Fig.2 I, Fig. 1 D~y £

- - 0 200 400 600 300
e N T I
N7 MThHD, RBEBX Fig. 1 Raman mapping image of Fig. 2 Raman spectra of
U CIET CuwsS M % fezw  CwsS phase (100pm>X100pm). 5 points in Fig. 1.

L7z, L LZEND ODP_EUﬂ%T%ém Ze i O T2 OO TR T S L2 o Tz, Z Ok
BRIV, SteplEzEBETHE, SMBICALINZ CuS HOKE 3B LZ 12 (um)? & [H
ESND,

Figure 3 |L Fig. 1 DA BIZEWTHEHM S 72 CSHOEK & R E I 2R8I %

720, BB ZFOIIIERK L TEZ SumXsum D7~ >~ v B 7 TH Y | Fig 4 13 Fig.
POint (X,Y):(25,25) 0 200 400 ) 60_0 800

U, CZTS
Ti
40
Raman shift (cm™)
Step (X,Y)=(200nm,200nm)

300 o ‘ C 4.8 um
I»G__/J'\\—‘«A\
200 g
2
O
Fig. 3 Raman mapping image Fig. 4 Raman spectra of Fig. 5 Estimating the size

13.0 (um)*
of Cu,S phase (Sum X 5um) 6 points in Fig. 3. of Cu,S phase by Fig. 3.

Count

27p.m

-41- ISBN978-4-86348-757-4



3Oy ED6RIZBITAT VAR NV THD, RF,GEFATE~Y Y E T
DOF O EFRI LTI T CwS MEZBRI L7, ZOERERIC, 7~ A5 5HE O
FHZEE L CHE~ Yy 7FR LB O % Fig. 51279, 212XV, Fig. 1 T
L72 CuS fHOIR Z BRI L, ZOmEfE%E &LV EMEIZ 13.0 (um)® & HREE L7=, DLk
o, HESBMT v VAT AL DTy BT EAVIUR, RIS
T2 EMOT & = O EEICHIT TE 5,

WIZ, S 7T =—/VRLFIZ L %
SR DI DN Cigim T
%, Figure 6 |34 S 7 =—/ Lk

FEZ LA AF ¥ =TT 60um .
X60um @ CuS @ Ay E— K-8

@75emYffitic ks o ~r~ >

BT THD, mB, FHEROD P AN g :
MEF T IO I T 1 g e (a)..as.depo ., ...............................................................
FiafE L THRIEL TS, % 5
L C. Fig. 71X Fig. 6 D& T~
~y BT RIZBITHRIZED
TG AR NV THh D,

Figs. 6, 7 (a)?® as-depo J&HED
TR R 5. KA, C,D,E &

G L KRG E RN RERIC (c) 600C (d) 700C
R o Point (X,Y)=(90,90)
T CuS fHZFER L7z, ZHUSE D, Step (X,Y)=(680nm,680nm)

A EHIE =
RN as-depo CZTS Fig. 6 Raman mapping image of Cu,S phase at each S
M TIL Cu,S FH D E27285 % annealing temperature (60pum X 60pm).

THLTWDZ ENbnd, L
T, S 7 =—/URE 400 CIZEWTIX, CuS N EEFPH IR IB W TIER > TWNDH Z
ERbLND,

600°CTiE, —HA L T CusS FHDNHIA L I RE SN TWD Z L bnnd, 2L,
FEIRIC KL DT =— V&2 To7c 2 & T, —EER SN CuS b EENE D Z DOt od EAH
LS ER Z L, CZTS OfEfbMEE SN lodfrEsizd LB X TWD, &
B, ST =—VU » ZIREEN 450°C D 580°CIC LRI 5 & HEIT L v — TRuEIC A
V. FEEEEREINT S LV s ShTng, P

-42- ISBN978-4-86348-757-4



700°C T, Figs. 6,7 ()P~ CZTS Cus s cus

7ZixFNLL RIS/ LTS
:&%%ﬁbko:@%%m

B,C,D ® X 952 CuS W v
HIL L. as-depo il & [F) 4% = : mﬁﬁﬁm&mmmm

?} |

B ™
KA D Sn 7 E OBERLIC A T A
ENE 2 LD, uj:@ﬂaﬂ: 300 400 600 800 i 0 200 400 600 800
- Raman shift (cm™) Raman shift (cm™)
Bt CZTS L 600°CI (a) as-depo (b)  400°C
CZTS CZTS Cu,8
BWTS 7 =— VAL % Jifi 9
Z LT, B CwS BlrEsSh !
3 : /‘NE«P/ :
5L Bbhotk, c e SN
B W
m
PLD EIC L » TREL . S 0 300 400 600 800 0 200 469 0}?0 800
Raman shift (cm™) Raman shift (cm )
7 =— VAL & i L 7= CZTS (c) 600°C (d 700C

MIEOREDOEME T~ 57 Fig. 7 Raman spectra of each S annealing temperature.
SO ZRoEEICLDL TV

v B 7 &AW TR Lo, BERSIREE 600°C T S 7 =— LILBR & fifi L 7= CZTS ik
[T, 100umX100um DFPATT v~y B T H{EHR LI E 2 A, CwS fHZE 2 HiT
B L7z, ZORD 1 2T FOIERZ BT Spm X Sum THERE LR, B
AR TE, ZORE A 13.0(um)? EFRE LT, ZAuck v, LEABEMS 27 A
LD T~y B TN D Z LT, WIRKREIC M D RO - Iz i
THIENAHETHDL LWV Z LD 7‘10 W2, as-depo {#f & S 7 =— LR
400°C, 600°C, 700°C > CZTS WD RIS 2 FARIIATDLALIC SOV TRl 21T~ 72
& Z A, as-depo JEEETIE CusS *Hi))’)%(iﬁ# 5 H0M LTV =23, 400C TlE A S v v
TV T REISIEAY . 600CTIHFERICIRE S, 700C TIEHT CuS AR ZE AT
LRI o T2, LIcin> T, CZTS %Hﬁiﬁ%ﬁ BWTEHTHSD CwSHERET S
2BIE 600°CTS 7 =— VLB AT Z L AR BEIRIITH D Z Lhbholz,

5. B2E W

[1] H. Katagiri, ef al., Appl. Phys. Express 1, (2008) 041201.

[2] H. Katagiri and K. Jimbo,Proc. 37th IEEE Photovoltaic Specialists Conference (PVSC), 2011,
003516.

BIFnHEERE e  ALAWER KRG EMO RN T o —x A —HAR

[AlLAES EE @z RRKGEMORE LISH  —x b —HhR

Bl BEE  mARKGEM - BEM B ORETH —= A —HAR

-43- ISBN978-4-86348-757-4



(6] BEFIA T h 7 AR S AR — L=
http://www.soc-Itd.co.jp/seihin/lasers/532 10mw.html

[7] P. A. Fernandes, P. M. P. Salome, A. F. da Cunha., Journal of Alloys and Compounds, 509,

(2011) 7600-7606.

[8] S. Das, R. M. Krishna, S. Ma, K. C. Mandal, Journal of Crystal Growth 381, 148-152

(2013).

[9] D. M. Berg, A. Crossay, J. Guillot, V. Izquierdo-Roca, A. Pérez-Rodriguez, S. Ahmed, H.

Deligianni, S. Siebentritt, and P. J. Dale, “ Simplified formation process for Cu,ZnSnSs-based

solar cells,” Thin Solid Films 573, 148 (2014).

[10] Guo, G. M. Ford, W.-C. Yang, B. C. Walker, E. A. Stach, H. W. Hillhouse, and R.

Agrawal, “ Fabrication of 7.2% efficient CZTSSe solar cells using CZTS nanocrystals,” J. Am.

Chem. Soc. 132, 17384 (2010).

-44- ISBN978-4-86348-757-4



	空白ページ
	空白ページ



