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Preparation of CuxSni.Si,S3 thin film by fine particle coating method

BH e, iy AfET
Bk A EE Se P NES
Noda Takuma, Kunihiko Tanaka'
Nagaoka University of Technology
E-mail ftanaka@vos.nagaokaut.ac.jp

Abstract  CuSni.,Siy (Cu-Sn-Si) precursors were prepared by fine
particle coating method, which is a low cost and a non-vacuum process,
and then the Cu2Sn;.,Si,S3 (CTSiS) thin films were fabricated through
a sulfurization process. The prepared CTSiS thin films were evaluated
by XRD, EPMA.

1. IZITHIZ

BE, IS RSN TV KEEEME LT Si A KBNS H 508, B K5
i & U COEBRNFRIFHFRBIGEMS T, 2 2 CEEAERES I bEW
KGR ORI TN T WD, (LAY KIGEM TH D GaAs KI5 E LT m A #LL)
F182%HEFEMR LT D, LA L GaAs KEGEMIIA V&R TH D Ga, As 0, =ik
D&% As ZETe, & Z TPHMNPOEERE R ITTHEDAH THM I LD CuaSnS3(CTS)3 4 H
INTWD, CTS ITHEBEER HERTH U HRWIREA K X W)10* cm™)D TKREGE
Ui LTV BB3SL LisL ANy Ry v 7= VX —(Bg)dd 0.85~1.04 eVHOITH Y |
ZHEARGEMOR FLELELTTEL TS DD, by 7BV SIZITEG
IR D VENH 5, % ZTCTS D Sn O—Fi% Si THE X #i 2 72 CuzSniLSi,S3(CTSiS)
IZ#% H L7=, CTSiS i Eg % 0.85~2.56 VIO R THRIET& %, CTSIS HIFIIREET
VERLREF 23 8 D U808 | ZREIRIZEZE T v A0 720, FEN100 Sz 07
VN, FEEZETO CTSIS MO ERMF TIE SiJi & LT PCS X° HMDS % VTV 5 A3,
EHoH b CEEFLRDY T CBELMEND BV, £ Z THiotRED Si ZFH
L. CTS. CIGS MO ERENONE D K7 X —T7 L— RIEIC K 0 iR L7z, AHF
ZECIXERE 100 nm LLF ORI ¥R %2 K7 2 —7 L— RIEIC X 0 BBHRICEA T 5%
BLF8BARIEIC LD CTSIS M2 ZMIZfE 5 7 ot A CEMT 5 Z L2 HiZ KR %
1T-o7,

2. ERIG Ik

BATT 5 — 2 MZITHEMED Cu, Sn. Si ® 100 nm LA F ORKi+ & A g2 45 &
Bl bDZE MW, RLAITBRWZOBEEFIZ oM LT W2 e REICHd 5% m
BRRE SIS LT NI L Wz, EEIZIIMAKRZEA L, H—I2oBsE5
72 DAyl & L C Triton X-100 Z ¥l L7z, MEEIZOWTIEL, #IONB LA K
Bor e 2 VERLS 2 D IFEE L 72 8O  ARRFZE CIEHEEA KI5 EMIZHE L 72 BEg=1.4~1.5eV
& 725 Si/(Sn+S1)=0.67 Z R Uiz, FR~DOIFEIX K7 ¥ —T7 L — REIZX>THZ
AR EICEY IR D2 TiToT-, W7 T —T7H2HWTEREZBEE L, _—XA
N &R RIC#EE s, BB R— A R ETL—F (~5) ZFEHLTRERSL LT
V) —DREIICHE LTz, L7727 h—Y &Ry N7 L— b ETINET 25 Z & T
R OV B 2 7856 ST, D%, BR{L L7= Cu, Sn OFRi+DiETL L, Cu & Sid
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3. BRRUEZE
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Fig. 1 XRD pattern of after heating in N>+Ho.

Fig. 2 (Z/ERL L 72H o 7LD XRD /8% — %7~ $, CTSiS I CTS & CuySiSs (CSiS)

DIRMBTHY ., CTS & CSiS DN E—27 3% 5D T CTSIS ZFA L TWDH Z LR
s, FACGRER2NE « FACIEE MKW > 77 L Cid, Fig. 2 1273 X 912 CTSiS
IZXF9 % CuS DFNEPMMEL 720> TERY | BFEDJH - TWD Z LMD D, fitfbiEH
DEWETERK L7z CTSIS NS 4L ToHfi# L, SiS<° CuS & W o - BARICE L LTz
EHERILTWD, ZHUTARENTRIEE 722572 S 2 CTSIS DIEELIZ K - THIY
S, EIIR TR 2722 ETCTSIS WO LI=mbi2EEZTWD
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Fig. 2 XRD pattern of after sulfurized.
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Table 1 EPMA results
Cu/(Sn+Si) Si/(Sn+Si) S/metal

T, EPMA ORERNHIRIESR  COMPOSHOn g 033 1.00
T %, W< 352 8T

Cu DAt B 2 Tl g = & 700°C 12h 283 077 053
M53In% . T CTSIS D53 fiE 600°C 24h 1.46 0.84 0.54
PPIBAIZ 2 &°C Cu BRITIE 000240 0,61 092 047
LK poleleHEBEZTND

Sl/(‘SH‘FSl)H:VC‘\@i\\ XRD ot ‘_; Table 2 XRD shifts

YT EBBROELOES T T TTI00°C | 600°C | 700°C
— 2 b OA BRI shifts |5y 24h 24h
EO B Y7 b EPMATL Fgiienisi) | 0.19 0.20 022
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Fig. 3 after sulfurized sample.
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Fig. 4 XRD pattern of after sulfurized (on Mo coated substrate).
52\ Table 3 |2 EPMA O
H.% . Table 4 IZ XRD OB — Table 3 EPMA results
% v F B3RO 7= Si/(Sn+Si) Cu/(Sn+Si) Si/(Sn+Si) S/metal
% 759, Cu/(Sn+Si) Et Tl 600°C composition
24h O 7L LY Cu/(Sn+Si) catio 1.80 0.33 1.00
et 2 Cund, AR LD
; 500°C 12h 2.33 0.61 1.16
H CuBELlGENLTNDH I L
. Sn R Si AT TS 550°C 12h 2.34 0.59 0.94
EMHERI S ND, _
S/metal FLIXFRARAY 72 MBI T Table 4 XRD shifts
W2 DAL SR IR E S 22 b D XRD shifts | 500°C 12h | 550°C 12h
(LS TN, Si/(Sn+Si) | 0.16 0.16

— 5 T Si/(Sn+Si) kb T i
XRD DE—27 7 kbR DZH D E EPMA OFEFIZ—E LT\ 7V, 23U Si
DA O T Si S CTS IZHV IAE LTV, & HWNE Sn 35T THXTHY
IZSi < Cu AT DEHALTWD, LoTAH#, Sn OKkITEMZ, Si &+
TS S DAL OTE N NETH 5,

4. FEwR
PRI FBATVEIZ L > T CTSi 7V h—H &2kt L, BEEEH AL ATENTO
A LALERIZ L0 CTSiS 2 /ERL L7z, b L7227V 77 WA KFE R T o
BILERIZ 1> T CuO, SnO #iZEJC L7-, XRD M TNEPMA fE5 L 0 BAHZ 3z
Zieb DO CTSIS ZHEFESE 5 Z L ITPI LT,
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TIRZRT AT ¥ RIIAR CVD IETHERIL7-
Cu,SnS; FEIE DAL L) —AL

Compositional uniformity of Cu,SnS3 thin films Prepared by dual-source fine channel mist CVD method

AT Fnik, ACHF oML, FEEE E, HY AE
Bk A IEE eV NES
Kazuya Okamura, Takuya Tomono, Ren Saito, Kunihiko Tanaka
Nagaoka University of Technology

Abstract : In our previous study, Cu-Sn precursor deposited by mist CVD
was peeling due to volume expansion during sulfurization to obtain CTS.
Therefore in this study, to deposit CTS thin film without sulfurization
process, both Cu-Sn source and S source used simultaneously mist CVD
method, which named dual-source mist CVD method, was applied. By
adjusting the Cu and Sn lifting gases, the thin films were prepared with the
band gap of monoclinic CTS, showing X-ray diffraction peaks attributed
to(133), (333) and (200) peaks of monoclinic CTS and Raman peaks.

1. IZICPHIT

VTR, KEFEMOERICBIT 2 MBES & LT, A8y ZIERB L ORGSR CEEE
BEEFHA LTI e A0 a X M REWRBET 6D, £2 T, AR TIET 7
A > F % %I A K chemical vapor deposition (CVD){E &\ 5 BEZ2HEE 25 L 720

ERIZEL) iz HWliE 7 e 2281 Lzl £70, BIELAE KRB ERD
TP TH D CulninGaSer KEFEMIZIZ L T A X ARl DON TR, ZOREET A K
DR ERoTWD, I T, LT AZNVEFEHET, N KXY v 75094 eV iz
FE . SRR ES 10° em™ DL BT, BUEHRE STV 2 R B HEh RN 52% Th 570
E KRG EEHL O YW 2 L 7= R % FF > 72 CuaSnS3(CTS)ZEH L7229

INETARIFEETIE, 7714 F v X/ A b CVD % HU T EagleXG 4 7 A
St (LUF Eagle ZE#) RIZ Cu & Sn Z & EoRii R 2 HERE S, ifbok 3 & 5 L 55 P
[P CEMLE(=Rifb) T 5 Z Lic kb CTS HREAEER L C&26, Lo, ZoFik
TR &2 2 BIFR L TIENEMEC 72 2 1E 0>, IRHEEIEIRIC X 0 BEN RT3 W HL
LOHER STV, 2 2 TABFZETIE, Cu. Sn & TR & S & Telaik 2 183
IZEY, 2RO ICRESEEIAMERA L CHFETS 2L T, b7 etk
A % #971Z Eagle HA B~ CTS #EHERE 45 = & 2Tz,

2. ERFIE

ABFFETIX Cu PR E Sn AN LIZIEIR, B IO S TRAED LTICIEIR & Z L2
I A ME L. Eagle 254k EICWR& 1155 2 & CCTS EEDOIER 21T > 7=,

I A MEWRITERBE A MK & U CTHW, - & LT RS —/KFn#(CuCl, - 2H,0) & 1
(L85 FKFIH)(SnCly + SH20)Z VA D> LT Cu=Sn(CTRIK ., B &L O'F AR FE(CHaNLS) & 1A
MLTE SR ZENEIAER LB, F72 HAALMAIEIX Cu/Sn=1.8 & L, E/LE
JE1Z 028 mol/L & L THi— L7z,

“WRRT AT ¥R A CVD IEOHIIEX % Fig. 1 1IZ5R-d, £ 225074
T AMEDOHPIZ CTIHIR., BELO SR EZNETNHEALTZOL, ZNENDOEKZ K
HCRRE LB Bl AR 2=y MC LV 2 2 ME Lz, RICH T AN A ZET 5
A % N Lift gas (2 5 > TRFDH _EIF, Na Carrier gas (2 & » TRAMIZHERE, I A MK
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HET CT Wi e S WiRZziRe Lic, TOWIZ, 3T0°CITIEAL 727 7 A »F ¥ R Vi
60 min D%V IAZ, FAR EIZHET 2 & T CuSnSs i A ERL L7z, F7=. ABFET
TRt E 2 e — L L1295 72012, CT ] Ny Lift gas i EA2ZH L I A
MEAZFHEE L7z, 728, Ny Lift gas 2R L7ZBRIZSEKOMEEHL—T 2572012 N,
Carrier gas biR#EEZIT > 7=, T DOZRM% Table 1 12”7,

PLEIZZDER U720 o iz oD Tl i & R E 2 X #R[EIT(X-ray diffraction,
XRD), Zi s S =HE & 3 R TRl L 72, £ 7, K - Wriki @l &2 A E 1
PAM S (scanning electron microscope, SEM), fktb ot 2 E 7 v —T~A a7+ 7
A ¥ (electron probe micro analyzer, EPMA)IZ X > CT{To 7=, Mz T, fEsatE&EDRE %
T~ BT T o T,

e Tablel Experimental conditions.
CT side gas S side gas
Condition [L/min] [L/min]
Lift | Carrier | Lift | Carrier
. @ L5 1.0
2 L s p B2
. 01 ate
transducer —— ® |01 | 175

Fig. 1 Dual-source fine channel mist CVD method.

3. BRBLUOER

Fig. 2 ITAER L 7= 7 Zomd, ffTEpr & LT, I A FOmAEH» B Eji(Up).
HjMiddle), Fit(Down)lZor i Tkl 21T 72, Fig. 2 # 5 &, FHEONLHB~,
DF D CT Ml N2 Lift gas 2 5 TR/ D224, JRABORED FHANZIA2Y > T
WBHZ LD,

Fig. 3 \C/ERL L7249 > 7LD XRD /N Z — 2 &g, ZOXMNG, FEHE L 72 5 500
TIE RO AT 78 CTS OB —7 B TE 575, SnOy bHEFEL TWAH Z &30
M5, ZHUTS N R TIHE SN2, TMTHIEMEZER TEZRNW=HEE X T
W5, £, K@ TIE, BRAICHEERE— 7 BNR LD, HiE L T TlE SnO,
MHEFE L T b, £ LT, CT Ml Lift gas 2 24312 L 72 SR E@ Tl 2KIZ CTS i
=7 NALI, LVAVEBCHRE T EAMRTES, ZCBEL T,

Up Middle Down e o e # eCondition (D) Up
* «  Condition (D Middle
Condition (1) Down
o » Condition @ Up
Up Middle Down ) 22 s Coudiion @ Midde
;3.4 Condition 2 Down
z .
= y e  eCondiion @ Up
é } . <Condition @ Middle
I .  Condition (3 Down
Up Middle Down
| ® Cu,SnS; #04-010-5719
. | 1
| | *Sn0, #01-070-6995
T L T NS
i i i : 20 40 60 80
Fig. 2 Optical images of prepared CTS thin films. Diffraction angle, 26 [deg]

Fig. 3 XRD results of CTS thin films.
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CT Ml Lift gas 2385 Z & TCT I A MEAED . FHXAYe S B X 5 Z & TR~
R LT EHEMI L7z, 72, 2 2 CHERR T

78— 7 OHTITHFL AR CTS &3 Hd5% \omoclinic CTS
CTS OHBNRKNEETH D=0, WIHTT~ s
VIR X D MERR T o T, Tetragonal CTS
Fig. 412, Fig.3 Tl b B —ICHEE T 72
FE@IZB T2 E—27 DT~ ol

ERE R A ~T, MR E LT, HAgER CTS
E—H L TWANEIZY — 7 2R+ 52
EMTEEP, Ko T, Fig.3 TR T& 7=

XRD /34— X HE AR CTS D (133), 20 20 0 30 w0 40 w0 ss0
(333), Q00)TH % LHEHTx D, —F, IE Raman Shift (car)

TR CTS &&F 2 bbb —7 b TV Fig. 4 Raman scattering spectrum.

M, KoT, ZHRARIA M7 74 U F ¥ X

VI A B CVDIZE - T, IEHER CTS 23 —HBR
ELTWLH00, HifER CTS il Ttz L

Intensity

Table 2 Measured composition ratio.

?&{Bu L 71,:0 Condition | Position COCT/I;Tlt“”;;?:ttZ
Table 2 {2 EPMA (2 K% ¥ > 7L Of R ELHIE U [ os20 | 0508
;’,f\?:l:% %%To %14:@ & @T&j\ Cu/Sn tt 75§J:(}:ltﬁ & @ Middle 3.785 0.249
TWMTRELSEZRD S/Metal L HEARE LV /X Down | 7742 | 0252
VME L 7o TV D, ZHuE, FAEOWE EOMFZEhE Up 1079 | 0554
b Cu lTEIETHLIFEHERFE LT VNI &0 @ Middle | 4253 | 0.432
TMoTED, I A MEAIZXL D IEEE FIZE Down | 7.267 | 0307
K2 B0, —F, KE@TIEPIE Fik Up | 0858 1 0851
2BV TR L L, BBHITTLS 2o T S ol el It

WA Z RS, ZiuL, CT | Lift gas %8 5
TZETEHIAFENHED . I A MREAFTIC L D BRI T 0NIH Sz
Th D EHER L7
Fig. 5 {2 SEM IZ X A %M « Mm@l e Rd, ob, BB L7 iconT
AR BW T, CTS @ XRD B — 27 3 TTE Y i b A FAE IV S D %78
W7, FTREICOWTHED &, FHEOLE KL T, F£HQLEQ@TIHMEMEMIEE L
TWDZENPHERTE D, Ziud, 2 A FENEY BEHGEE O T2 S n-7-o
ThdEELT, WITHEBZEND, TXTORMFICEBWTEEN 1-22 um F2ETH
D, KRUUE & LT R EE N FRETH D Z L DR TE T,

| — i

| id

i W
1pm |
BB2647 15.8kV xs‘gr.p.lil_
ConditionUp_Surface

1 pm
881791 15.0kV . x3e. IO
Condition@Up_Surface Condition@®Middle Surface

1.5 pm 1.5 pm

Condition@Up_Cross-section ~ Condition@Up_Cross-section Condition@®@Middle Cross-section
Fig. 5 Surface and cross-sectional images observed by SEM.
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Fig. 6 IZHRMEOH T AT DN T, IR Wavelength [nm]

LV HIE LEiRE, KA EE2RT, ZORER R fo0 1000 500
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HOIFEHOLEQL Y LAV FEY v 7REHT RV §

XM 7 hLTWBZ ENbnd, LT, &~ ]
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ARFZEClE, BRI A b CVD IS X - ThfbF 2
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CTS B—HBIRIEL TV D b ODHMFRCTS DE— =
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T L7 R HERE A iR Lto Mz T, BREHESE S

(ahvy* 7' R D HERNLR CTS HIEOFHS A H T
HITE 535%5}3\ L7=, 5141 ?i 77"“‘/1/;5_’*/\n7£ L. HHA 0s | 0.85 6V 0.86 eV
DHAENL R CTS 72 b N FE b a7,
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CuBri.L/ZnO 7~/ v v RGO =Rl

Efficiency improvement of CuBri.,I./ZnO nanorod transparent solar cells

ESVAIRT S SN R /=N o NI T= R i A = L LY/ =5
R BB 2R
Kaito WATANABE, Chikashi FUJISHIMA, Naoya TSUJIMOTO, Kunihiko
TANAKA
Nagaoka University of Technology

Abstract ZnO seed layer was deposited on a conductive glass
substrate by spin coating method, and n-type semiconductor ZnO
nanorods were fabricated by hydrothermal synthesis method. Then,
CuBri.,I, (CuBrl), a p-type semiconductor, was deposited on the nanorods
by dip coating method. The power generation was increased by varying
the seed layer deposition conditions.

1. IIL®IC
ARG BRI T 2 FiE L. MEICE FREIOEEWRIN L CTENNCERT 5K
S T D, LrL. KD 5 BEMNEN ED DEIETT 6% Lk, Eh ik
KRR D306k DO KIGEMLL LD pn #28 OREEM 2 T RP/MLEL 25 19, %
T CARMFZE Tl n BRI ERI AR S 72 ZnO T/ 7 > REHW 49 %
p BUMEEAR D CuBriLl, (CuBr) THE® 5 Z & THAKGEMEZ/ER L7 7, 2L T,
Zn0 /vy REOHEFESRM 2 2L S E5H Z & THREGEEZ AR,

2. ERFGIE

@2_7( oo ) —)L LO ml & :’C‘ii§ / :7577 @Carbon @7Zn0 nanorods
2215 ml T, HERBHERER KT AR L R & paste. (ZnONRs)
(LU 7=, ALy a— hE&EFNT F %I SnOs @cubrt T,
(F-doped tin oxide, FTO) Htk HIZHERE S, &y M7 .

L— M E TR ESEAH2 & TZnO > — REga/EfRl L @Silver
T2 AE L a— 1% 3000 rpm C 30sec. FzERREH] paste
IE5min & U, REETIIBKEE, A2 a— A (DSeed layer

B, LR A E LSBT o T, FTO

@;@7k 100 ml L:@/ﬁ@%@ﬁ]\ L “\3?‘9’)‘ FLroorho2 Glass substrate

YA&325mM, RUZF LA I 03ml 2L
PRRREFR LTz, 2 ORR RO I Lk o Fig. 1 Schematic structure
Zn0 ¥ — K@ ZHERE S B 7=9 0 7 v & Ak, 24 B
90°CIZfRFFT 22 L TZnO T/ vy REER LT,
@2-A bF s /) —L114ml, £/ =/ LT S 86ml, #K6.0ml i Cul &
CuBr I Lotk Fi Uiz, Z Ok 2 ek iFH 2 min, 51 & LIFHE 0.70
mm/sec C 1 [B]F ¢ v 73— F&ITVWZn0 F / v v RIZBA Lz, RIZ, EHEFFAX
HFCHIE L — b 1°C/min, 170°C, 5 min O 7 =—/L %17 > CE W K EM A (ERL L 7=,
@Fig. 1 DX HITR—RA MRO I —R o LA BAT LR STl 5 nIc Bz R
L7,

B T TER R 1 B8 (scanning electron microscope, SEM), X #R[EIHT 7347 (X-
ray diffraction, XRD), - ERME(-V RefE)IZ & 0 538 L 72,
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3. BERBLUER

3.1 JeAThFSE

Ny 77 EE L TEED Zn.MgO %8 A UE B~ IS 2 MH 35 Z &
TkaMA)VmﬂﬂmW@%ﬁE%?EﬂtmoL@L\A/77Eiﬂﬁl%

STRVEAE M NH L 2 e & e, BEEREICS W E WS TZENS F R
ui@%%aiﬁMf%¢A/77 DRFTZ IR T,

(53 HREAS 2 I 9~ 2 &fi@k%&%@i@ﬁM%%Lﬁék ST T8
%ﬂifﬁbﬂf%ﬁﬂot%Lm HEBRICHE D IEWVETIZ %5/~Ffﬁﬁx#
DL EAT O BN H -T2,

ARETITY— RBHERESMIZOW T, WIRIBEZIECREED 1.75 M £ 0.90 M,
A a— MNelggz 1~3 [\, %@mﬁ%smwksmwkbto
UTICREBENZ S BRI LEONTERMEIC OV TORERERT,

Drying at 300°C

Drying at 500°C

Seed layer
surface
300 nm
-ﬁe:7s IS.BK! Xlﬂm
Nanorods
surface
o P ooy, \100011111 3
BGESgQ"‘IS efy xaa)w
693 nm
‘ 1096 nm
Nanorods

Cross section

pn junction
surface
1507 nm
Fw CuBrI L——-
pn junction . - -3 ” (uBlI+ZnONRS

cross section

750 nm . T e iOOOnm

_ I
B@26808 15.8kV X48.0K 7S@nm BEP2688 1S5.8kV X39.8K 1.88sm

Fig. 2 SEM images
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32/~F@@kF0%M@/—FF%$%#Wm

TER DRKIH-T3 DVEUR IR FE(0.90M)Z DN T | FzEIE EE % 300°C & 500°C, AE L =2—
k@ﬁ%yaﬁfﬁot$#% B BIR FE:300°C & 500°C, A 'L =— REEC3 [0
FE ROV TC Fig. 2 12 SEM 2 X B &Aoo Fem & WP he, Fig. 3 (0B KI5 E L D
XRD. Fig. 4|2 IV Fitk &2 7R9,

PEFIRFE &[RRI BB D SEM 84 W5 & Rz 2 300°CH> 5 500°CIZ L7z &
X, V— FEREOREITEY 165 nm 025 504 nm & KEL pol-, /a2y KD
KEHEHE) 545 nm 725 152 nm. £ H 693 nm 7>5 1096 nm & HEAN L 7=, CuBrl %
HLREE B> TRIEIZIEDR > TWD, 7o, 7/ vy K& pn #5OWEH % Lk
95 &, 300°CHLEETIE 693 nm 7>5 727 nm. 500°CHZER Tl 1096 nm 7> 1507 nm
& ERBENEEML T\ D, o T, BRI E FERICHE-> T CuBrl v v R Eficb %
SHEFE L T e, OSSR THIRBRORERTE -7,

) [
SVl

Cul #006-0246

(111
(110

CuBr #006-0292

a1+
(11

| -
Zn0 #01-080-0074

| L1 1
‘ S0, #01-070-6695

20 30 40 50 60 70 8025 26 27 28
Diffraction angle, 26 [deg.]
Fig. 3 XRD of solar cells

Normalized intensity [arb. units]
e

—o02)

Fig. 3 £IX X 0 | (002)f kL Lz 7 /Y Jiki&E D ZnO BN ST\ D 2 &My

MY LR ERACHE o TR MEDS M E L TW A T EN oot o, AXELY
26T DD — 7 WEZ > THNLTWD, SAEMO Y — 2713 FTO ERICE £
NAHBRIEA ZA(SnO) D —7 T %, RAELMD ™ — 213 Cul D(111)& CuBr D(111)
ORNAIE L TEY . CuBrl HEIEOHE N2 dH D CuBroslps DE— 7 L —E4 5, ifo
T, Cul & CuBr DR ZIED | PAHEENIEAEIE D CuBrl & 72> TWAH Z ER o7z,
DT [FBRORERTZ o 7=,

A a— MNag 1, 2 EOHE, ﬁakﬁ(mf”%’ﬁﬂ:éﬁf%%bﬁa BN L A2 A
272, Fig. 2 ® SEM I XD RERBISZRE R 6507025 K 912, WlRIRE % 300°C 5
sm%KLt:kmiof\%%ﬁ«@@%%%ﬁ#éio L — RBOREERZEN
ZNORMCREES L HICHE Lz, £72, CuBrl #EREEMHISE G LT AT |
tkowv y RiZioz720 pn #EEEAE X 72, 65T, Ve DRI ML 7 v
EEDZEMTERLEVWZD,

AV a— MNal¥a 1~3 BB LS EGa,. 2 — MEs 1, 2 [BI72 & REmMERILK
WEEEH7, LinL, AV a— k3 EOEAIT Y — REO DN Y RS 2 i 4
HICDIBEMHEEREMLS Lo EEZX TN D,
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Drying at 300°C Drying at 500°C
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Fig. 4 I-V characteristics and power generation

4. L

TRIRIEE, AV a— ek, MRERE L Wo7- v — RS2 2 bS8 0
P KM 2 (ERL L 7=, SEM I X ABIZEOfEH . WEREE LISt T — Rig ok
BreF/my ROT AR MERHEIML, /2.2y FESIZCuBrI 8% < HERE L 72,
XRD OFEFR LD . (002)FSEELA L7z ZnO BB SV TV D Z L3 | iR

B

W TRERMENRT EL TWA Z ENghoTz, £/, CuBrl DK HIER T

T2o LD — FIEHERISAF CTIIRBOUHEN A ONRN-T- 2 L 2B T 25 & 3.2 i
DLV EENS . v— FEWERORE, A a— Mo, fBRiREOREIC S -
T, AHGEROK TR E &R EHERITSGET 5 2 L B30 o Tz,
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KB EMAE CuSni,Ge,Ss 2> D DFEIE AR ML D Cu/lVIEHAKTENE

Cu/IV ratio dependence of photoluminescence spectra from solar cell material Cu,Sni.,Ge,S3

Wi R A
R BB 2R
Tsukasa Abe, Kunihiko Tanaka
Nagaoka University of Technology
“Email : tanaka@vos.nagaokaut.ac.jp

Abstract CuxSni..Ge,S3(CTGS) which is composed of non-toxic elements is a
promising candidate for the absorber layer of single junction solar cells. However,
there are few reports on the basic properties of CTGS. Therefore, CTGS with Cu-
poor, Cu-almost stoichiometric, and Cu-rich compositions were prepared and the
photoluminescence spectra were observed. As a result, dominated luminescence
was observed around 1.4 eV, which has a sharp and slightly sharp peaks. The sharp
and slightly sharp peaks were attributed to exciton and donor acceptor pair
recombination luminescence, respectively. The slightly sharp peak was weak in
Cu-rich composition, it is considered to be caused by Cu vacancy.

1. LI

IR, LAY KBEE TH D CulniGarSea(CIGS) AR w1 I i ZZ #ah =R 23.35%!1
ZERL, HMAESNTWAS. L2L, CIGS D Se lZAmR tETHY, FEERFORE
NOEZBENRRIND. TO0D, WL THELE T KGERAE O IXEE
TdHD. CIGS DRI ELD—DI1Z CusSnSz(CTS)NRZETF B b, CTS 1T EHE 2 rEMN
LR SN TEY, EFEEREART 10 em LLEO R Z VORI A A L, HEiE
LN AREZ2 S B EALAED THWHEY UL, N FX ¥ v 7T 31X —(Eg)id
0.92~0.95 eV F2ETH W B BEEE KBGEM Tl & SiD 1.4 eV ZEERR T 720,
Z Z T, CTS & CwGeS3(CGS)DIRA TH 5 CuzSniGerS3(CTGS) & W 9 BB EH &
NTW5. CTGS ITEEFE /2 CE THR SN TWD. F72 CGS OFWIEREIE 10* em™
PLEEHREINTWAIOZ%, CTS & CGS DR TH D CTGS b [FIFLE O SR
BaH+sLTHIEND. 51T, Ge/(SntGe)thiZ k- T Eg 78 0.86~1.53 eV D#ilH
TEAL LT, BE AR 6.7% 2 2l L C\5. Lo L, BFE CTGS OYrEmR L1
DI, ARG LTWR, E 2, CTS OZHZN#IT Cu/Sn HLIZIKF LT 5
ZENE I TWAE NP CTGS IZB W T [REEDRFEN B 2D DA STV 70,
Z 2 CAMZETIE Cu B2 A 2T CTGS #1ERIL, 74 MLV R v APLEHIC
XY RpORRE 21T~ 7=

2. EBFE

CTGS IXEFREIC X 0 ERL U7, BUEHZIE CweS(7 v 7 T4, 3N), SnSo(EnifliE
{BZEFSEET, 3N), GeSo(i=flEALFZAFIEAT, 4N), S(ERLEEALZMF9ERT, 4N)AZ A L
7= JFEH R Z 1 BFEREA L1y MRIDIERSE U=, 1957 7V ~HZEE A
L7z, ZOH, XLy FEIEFRNZ50mg DS ZE AL, Tk, BEIRESE CTEL
LEER R S8 72, EMERE ORESMAITAIE L — % 2°C/min & LT 400°C % CTH-
IR L 24 BFREIERER, T D% 750°C T THIEL TR ERIREE L= D, &m L=, Rk
DHIATHER T SCERIO X 0 1.4 eV IS 5 728 Ge/(Snt+Ge)=0.8 & L, Cu/(Sn+Ge)
A E L TERIL7-.

ESL L 7250EHT XRD (2 L VLB DIRE, EPMA IZ X 0kt Fi4, PL BRI
L YHERE 21T -7, PL BUHNZEBW T, BHEIRIZ N YVOs L—H— D5 —
B (532 nm) & VY, JEbED Y6 sR BE AR AT M OB UEHE AR A 2 i~ 7. SUBHE
FEARATMEIE 6~300 K OFIFH CHIHIL 7=, BHEUEIO PLIZAR Y 7 v A — & (FESHEHE
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750 mm, A Y v RE 0.1 mm) T4 L, InGaAs-CCD IC LW L=, 7238, Zlf%k
1 150 mm! DEIPTHE-E2FEH L, KESOMHIEITK 0.87nm TH H.

3. BEBLIUBE

EPMA |2 L BTG % Table 1 (2789, ZH D Cu, Sn, Ge, SiL EPMA D3
BROMIEE TH D, Cu/(Snt+Ge), Ge/(Snt+Ge), S/metal IZHIEE/NSFHELZETH 5.
Table 1 £ ¥, Cu/(Sn+Ge) = 1.85 @ Cu-poor FHAK & Cu/(Sn+Ge) = 1.92 DAL EimfHEk
WZIEVWEEL (AT, 4 B E Cu-stoichiometric & 2X5L), Cu/(Sn+Ge) = 2.25 @ Cu-rich #H5%
ORBIPGFONIZ EHI LTz, £72 E OB S Ge/(SntGe)234) 0.8, S/metal 25 1 AT
ElpoTm NI TR EN TV D Ge/(Snt+Ge)tt & Eg DEER LD, b0k Eg
1T 14eV EHEE LT-.

Table 1 EPMA results.

Cu Sn Ge S Cu/(Sn+Ge) Ge/(Sn+Ge) S/metal
Cu-poor 36.70 3.59 16.24 43.48 1.85 0.82 0.77
Cu-stoichiometric 3516 3.51 14.81 46.52 1.92 0.81 0.87
Cu-rich 39.69 332 1433 42.67 2.25 0.81 0.75

CTGS &t XRD /3% — > % Figs. 1, 2127”89, Fig. 1 £V, 3B CHREMS CGS
(PDF 01-0088-0827) (ZfEl7=#[m10> XRD /3% — U M S iz, F7z, Fig.2 L0 A A
VB — 7 NERNE CTS (PDF 01-070-6338) & HRNE CGS D A A > B — 7 [H] THIHI X
iz, o —27 1B L THEAN CGS L0 HIEAERNIFET D Z &R SN
7o, 207, PR L7 CTGS iBHI A #ETH D & E X TWD. EPMA & XRD
£V CuEBEEZZ(LSHE72 CTGS ikl 2 ERIT& 7 L flr L, PLBIHZ1T o7z,

A Cu-poor

7 Cu-poor "

= n R =

c c

- Cu-stoichiometric > / '\ Cu-stoichiometric

o] 'l o]

= (S A —

o S,

2 Cu-rich > J\ Cu-rich

B L A N B

§ Monoclinic E Monoclinic

}= ’ | Cu,GeS; c Cu,GeS;
Monoclinic Monoclinic

SR M | GwsSeS oo ] Cu,SnS,
10 20 30 40 50 60 70 80 28.0 28.5 29.0 29.5 30.0
Diffraction angle, 26[deg.] Diffraction angle, 26[deg.]
Fig. 1 XRD patterns. (10~80°) Fig. 2 XRD patterns. (28~30°)

Fig. 3 ICRUEHE R FIEOBLIAKE R A4~ 7. Fig. 3 L0, 3BT 1.4 eV izt
WE—Z7 (P1) & EFN X R= LN B — 7 (P2) 23U 417z, Cu-rich
FLAK CTGS Hifkdh @ PL N0 T, @ m /b F—ANZ SV Ehk 73t & K %
XA T a0 — R R — 7 7 & 7 Z 5 DAP) RS ENBI STV,
Z D72, PLIIEhE 73, P2 1L DAP &R TH A RIREMENH 5. KHAk D Pl
& P2 T % &, Cu-rich AHEL THROCIREENTTNZ & 3057025, D72 Pl, P2 IZ
B FENDFEIEIL Cu-rich LK THA U DRIV, Cu Z2fL(Va) Z LR & LTV 5 Al
MR 5. £, MENFHVFERE UL, EHFEEENZ, Bk L b X
¥ UT W™D EREZ B, Curich ML CIXFEEDEMEL 225 EHERIL T
5.
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F 72, Cu-rich #ELD 0.9~1.2 eV (22T TIRDISWFEIEP)D B S iz, T O3k
IZ Cu-rich #1p%721F T72 < Cu-poor, Cu-stoichiometric 1% T & EH Z47=. Fig. 4 124
FLAR D P3IZOWTHER L= D& T. Fig. 4 1V, &2 TOMETP3 DIRAELT
WA ZENGMND. Ko T, Thb DI ITIF— DRI D FREMEN m & & 2 T
W5, 7o, BUEFE 09~12eV & Eg OHEHMETH 5 1.4 eV L D HIRWHEN D3

HTHDIZDERE L 722 KIIIZNRIETOERICRVEL LHERIL TW D,

1200 2000 50
P2
51000 51600 P2 540
5 800 Low temp. 5 Low temp. ﬁ P1 5 Low temp. P1
£ £1200 €30 ll | |
5 5, | B, fi
> 600 ~ \ ‘ -
s High temp. S 800 High temp. ‘A | = 20
- 2 | i o
& 200 a 400 /AN 10
P3 | |
|
0os 10 12 14 16 0 s 0
: : : - . 08 10 12 14 16
Photon energy (V] Photon energy [eV] 0.8 1-9?hoton1e.nzer9y [e\;‘l 4 16
(a) Cu-poor. (b) Cu-stoichiometric. (c) Cu-rich.

Fig. 3 Temperature dependence of PL spectra from CTGS.

50 10

z z40 z8
s £ 30 £6
z z =

i i
g 210 22

0 o ual.
Photon energy [eV] Photon energy [eV] 0.8 Photon1e-noergy [ev] 1.2
(a) Cu-poor. (b) Cu-stoichiometric. (¢) Cu-rich.

Fig. 4 Expanded temperature dependence of PL spectra from CTGS.

Pl & P2 O3 HT D 7= 812 Cu-stoichiometric ¥k PL A7 F L& v — 7 73BEL 7-.
Fig. 5 {2 B — 7 BEDFER 273, P1IZERD peakl, 7RO peak2 |2, P2 13fED peak3,

F VYD peakd [T B S Tz,

Fig. 6 |2 Cu-stoichiometric #AIZ I 1T 2 45— 7 OIS TREL Ipr D FHELTREE Pexe (A7
MaoRT. HERO PL B CIIR()DORE FRRKALT 2 Z ERHHR TN D.

IPL x Pe];(c (1)
KRIGIZET 23 NIL y<1& 720, Bl 5L E
Vi VA VAN Fﬁﬁ(BB)ﬁ%é%ﬁ%f@i 1 <y<2 L7 - —Measured value
%. peakl [Xy>1, Eg DHEHIETH D 1.4eV f 5| —Fittingcurve
ETBRlSNIZZ O FIHICEHER L §  —peak
7o. peak2~peakd X y<1, B'— 727 7 h&E) Z| —peak
10 meV/dec. LA FTH o722 &0 b DAP FfEd g —peakd
%E%CE%%TU\%) g ——peak4
Fig. 7124 &' — 27 OFESRE I DRUBHEEL (K B
Ve RS Fig. 7 £ 0 CROXZ HNTT7 4 45 13 14 15
Photon energy [eV]

VT 4 T BT, IEE L R L —E R T,
FOFER, 2ToOr— 7 TIEH b 3L F—0
26meV LA &7 o7, = DOFER &3 ekkE D fig

-16-

Fig. 5 Peak separation results of

Cu-stoichiometric CTGS.
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Mt L v, peak2~peakd |7\ HENLD DAP A AL L B 2 -, BEMY D= L
F—Th5 26 meV LV LEWIEIZH D REENITEIR T CEFVPER I D72
D, ¥x U TOHMBETLITR B, ZD720) peak2~peakd DA & 72 5 KRBGILFE
AR T O BRI 72 5 FTREME DM &by L7z,

102 102

peak1 _ peak2
‘102 ZE 7] EﬂDU\
S R | & | =10.87meV
; 10° ; 101
1 5 E.. 5
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Fig. 6 Relationship between Fig. 7 Relationship between temperature and
Ip, and P! integrated PL intensity.
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4. &

Cu %2 %2 T CTGS Z/E#i L, PL BHIZ L& EZIT 7. XRD & EPMA
X 0 ERLL 7230BHE Cu-poor & Cu-stoichiometric, Cu-rich #1%® HALH CTGS Th 5
EHIWr L7-. CTGS &kt PL 281 L 72/ 2R, 14eV fHEICHWVE—2 P1 & EiL K
AR L F— NN B — 7 P2 M S 4172, P1 & P2 E Cu-rich #HA% TH
BREESGHVE K D, TS DOFIEIL Vo ZER & LT 5, Cu-rich LA IFE EZDHE N
B 72D LHERI LT, O 2 T 725858, Pl & P2 IZE 15 FEITXEWUENL D DAP
FAE A CHERI L, &R & 70 2 RIGITFEENFRIN T O BRI 72 2 AIREMESMER W & B
ZTW5D. EHIT, 09~1.2 eV T THIEDJAWVIE Y P3 23l S Au7-. P3 LRV #E
MDFNTH HT-OER & 72 D KIMGITNFIKR T OERIZ/Z2 VD EHERI L TV 5.

i
AHFSEIE JSPS R JP20H02680 DI A% T 72 b D Th .
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CuGeSs/ZnS &g 7V I — Y DORffkiZ &k B CuZnGeS, FEIE D 1ERL

Fabrication of Cu2ZnGeSs thin films by sulfurization of Cu2GeSs/ZnS stacked precursors

mfE B, K& ek, i BR ik FHH
Relif] T35 5 B M5 E L5
Masaya Takahashi, Ryota Ohashi, Haruo Sato, Hideaki Araki
National Institute of Technology, Nagaoka College, Department of Materials Engineering

Abstract  The fabrication of Cu2ZnGeSs (CZGS) was realized by
depositing ZnS on a co-evaporated Cu>GeSs film by RF sputtering,
followed by sulfurizing. After sulfurization, CZGS thin films with
Cu/Ge ratios of 2.1 and 1.6, and Zn/Ge ratios of 1.5 and 2.0 were
obtained. The thin films obtained after sulfurization were assigned to
tetragonal CZGS with ZnS segregation on the basis of X-ray diffraction
and Raman measurements. The CZGS film with a Cu-poor and
significantly Zn-rich composition showed a higher Vo and lower Jsc than
did the CZGS film with a Cu-rich and Zn-rich composition. This
suggests that good p-n junctions were formed in CZGS films with
Cu-poor cells but the efficiency decreased because of the increase in
series resistance due to ZnS segregation.

1. IIC®IZ

VAR, K& & L C Si KB EMIZ T 27.7 %, CIGS KB5EMIC T 23.35 %,
R T ANA FRBFEMIZT 255 %R MESNTWD Y, S 5705808 Lol
DIZ AT KIEEMOBRENHED SN TW5, BRSTIL, by 72 21eV D
N KX v v 7% FFD AlGalnP % V72 6 82 A5 RURB IS T 47.1 %385 ST
%3, LanL, #mhi#iIn, GaXH#nE As BNERERILE L R>TWDH T2, F
BN KEBEFENR S TIER, £ T, Hx ZTFHEDICEITIHAMEI SR S
THY,100ecm? & W) EWVIERINGGREL D L kv 7 BVICiEY) 7 ~2.2eV DU A K7
v KX ¥ v 7 38 2> CuZnGeSo(CZGS)IZFE H L7-, CZGS I KI5 &M Ixiz b
TV I =Y EHET D 2L > THKEENoc)=0.70V /515 9 Z L0, 27
L—RE LT ERE R LT D Z S X » TEMBBIR(PCE)=0.74% 15 H 5 O = &A%
WhHEINTWD, £72, -x DI NV—TIZBWTCERREE T U 1 —TORikic L » T
CZGS HI KM EM 2 /Ef L, PCE=0.39 %, Voc=0.62V Z#iE L Tx7-9, #ZTK
WFECIE, 22210 LD 7= OIZ[RIREZAZE CuGeSs(CGS) K LIZRF v 27 hr v X
Ry ZEERWT ZnS 2R L, fifbd 5 2 & TRUE 7 CZGS D ERL 2 5 2 72,

2. EBRFEE

Eagle XG Kb LIC Fi#@EMiE LTDC~ 27 R b A8y ZIETES 1.3 um & 72
D EDITHE L7 Mo J8 BT, [RIRFZREHE 2 W CHAMOINZEVR LT Cu, Ge, S% 3
R, REL 7=, F7=, Ge B/LDOIEEIX 1200 °C, Cu /L DiEE % 1060 °C, S /L
DIREIL 150 °C L L, 800 °C TEY T v X /952 L CRIFAEL, CGS iK%
ERL L 72,18 57~ CGS il FIZRF~ 7k ha o Z Ny BT ZnS OIEIE A 296 nm
LD K HICHEE L=, Z @ Eagle XG/Mo/CGS/ZnS &g 7V 51—V Z Ffi i 100 mg O
A2 TeH T AREIIANT, BREWHR T OEWRIF % HVC 570 °C £ T 10 °C/min T
SR, 2 WM, sS85 Z L THYBIEL 21T > 7=, 15 Hi7z CZGS Hfki: X it
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[BIHT 24T (XRD), 7~ I K VLB DRIE & fE s OfdT, a0t X #Ror
(XRF) % F N THREES AT M OV AT, A& A &S - BAMKEE (SEM) 2 W Tl &k V3R

B 21T > 72, 15547 CZGS #[KIZ Chemical bath deposition %% H T n
CdS Ny 77 EEHRESE, KK FT200 °C, 30 min 7 =—/L&217-7- 19, &kiz
RF~Z7 X ha Ay ZIECHEIEERE & LT ZnO:Al ZREE L, BEZEAELTH
A EEEEM L LT Al 27555 Lo, B3 L 7= Eagle XG/Mo/CZGS/CdS/ZnO:Al/Al #1E D
CZGS MK Em LY, V—F—V I 2 b —F—%ZH T AML5, 100 mW/cm?
PR R COBE R ) R 2 B L 72,

3. BRBLUEBE
Table 1.1 Eagle XG/Mo _E(Z [RIFf7& 451 L 0 /ERL L 7= CGS M & % Dz ZnS %
FEE L Chifb 35 Z &2 X > T b7z CZGS il 2 XRF JIE OFE R4 R~ T,

Table 1. Compositions of CGS and obtained CZGS.

CZGS-1(Cu-rich) CZGS-2(Cu-poor)
Thickness Thickness
(um) Cu/Ge Zn/Ge S/Metal (Lim) Cu/Ge Zn/Ge S/Metal
CuzGeSs 0.73 1.9 - 0.81 0.65 1.3 - 0.85
CuZnGeSy 1.3 2.1 1.5 1.3 1.3 1.6 2.0 1.3

Cu/Ge 1.9 ® CGS #fEz W CTIERIS L7z CZGS-1 1%, Cul/Ge=2.1 &, CZGS Dfk

Eamicur <, #7252 Cu-rich 7ok & 72 > 7=, —77, CulGe=1.3 & KIgIC Ge i@l
CGS %Hﬁ%ﬂ%u\ﬂfﬁ;ﬁx L 72 CZGS-2 1%, Cu/Ge=1.6 & KIg|Z Cu-poor &72% & & HiT
Zn/Ge=2.0 ®F L < Zn @FI7LHR & 7o 7o, ARIEO B WL Vv ~=T L L L TH
FRIE LT=T-8 CGS BT CZGS-1, -2 Tl Ge WD L= Ex HND, wifbED
CZGS #HAK D LI DU T CGS DEIERCHHAK, ZnS DR D H 72 D ARFT N LEE T
»H5,

Fig.1 Ic 26 DD XRD Elffr/S % — % ~7, Tetragonal ##%i& CZGS & Cubic
R ZnS IIRB SN D B — 7 MBS, CZGS WER SN2 ENR T 72, %
77, ZL< Zn @72 CZGS-2 D ZnS Ot — 7%, CZGS-1 LH_THKETHY, £
< D ZnS DIRHTHH 5 k%z%hé Fig2 ICZNBH DD T~ AT fVEIR
3, 290, 314, 357, 403 cm 1112 CZGS IZIRB CE H v — 7 g an= W, 2o

— CZGS-1
CZGs-2

Tetragonal CZGS
= Cubic ZnS

‘ | | |
| Cubic ZnS # 00 005- 0566
i
| Ttletragonal Cu2ZnGeSs #01 074-8334
| ! L1 P :
Orthorhombic Cu2ZnGeSa4 #00-026-0572 ] ‘ ‘

! ! ! ! Tetragonal CuzZnGeS4

30 40 50 60 0 150 200 250 300 350 400 450 500

20 [deg.] Raman Shift [cm™]
Fig. 1 XRD patterns of CZGS thin films.  Fig. 2 Raman spectra of CZGS thin films.
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OFEFR LV, FIFERE CGS WEIZ ZnS & Ak L THhH S Hifb 2% = & T CZGS % /EH
TEDLZ Eenmynolz, £, LAWY TH 5 CuaZnSnS, T, Cu-poor 7> Zn-rich
RHRIZEBWT, BARE ARG LN ZENMESNTNDLZ D I, KE
BRICEBWT S Zn-rich 78k & 72 B X 97U h—H Z2/ERL L7228, e LT, &
Fl72 ZnS WERIF E L TRIT L= &B 26D, 5%, Mtk gmEbizmiT CHEBT
% ZnS OIFEEZJ 532 12X > T CZGS AIE D ZnS ORAT A3 HH X, HAHD
CZGS BB TE 5 L WifF & b,

Fig.3 [Z/FHR L 72 CZGS R D Wi Je OVF i SEM 84 /R4, Fig.3 () OWrim@iss &
D, CZGS Jg1X CZGS-1, -2 &£ HiZ, 13umEETHY, Mo & CZGS HmIZ/E = 0.4
um FEED MoS; E B X ONDENIER I ND Z &ENginoTz, Fig3 (b)DFRmEIEE X
D, B UAR—/VEDZERR OB IR DME DIV 2 SRR S T,

QN czcs-1 |

15kyY X189, 805 1o 21 12 SEI

Fig.3 (a) Cross-sectional SEM |mages of CZGS thin films. (b) Surface SEM images of
CZGS thin films. CZGS-2 of (a) has a gap because the interface between Mo and CZGS
was peeled off when the SEM sample was prepared.

Fig. 4 IZ/E8L L 7= CZGS B/ D AF DO B ATk DM & 1-2h 3 & AN B 15
DWW TR~T, CZGS-1, -2 & bITN\Y R¥ ¥ v 7L, — KM O IMED B
6 23eV ThodEHEIN, CZGS DILHMED N kﬂw v 7 ~2.2eV ¥ i
<, CZGS DYt fE & L THEBEL T\ A Z E DRI STz,

TERL L 7= CZGS EBEKGEME L DL E S FrE% Table 2. %O Fig. 5 12177,
CZGS-2 £ VW & CZGS-1 D518 BAF 72 B Hh =R (PCE) 13 5 b AT, BAEE (Voc) Iz s\
TIX CZGS-2 D E <, CZGS-11TH~, CZGS-2 DE/NADFN, X B2 p-n #
AR IS TWD EEZBND, L, CZGS-2 Tik, Zn/Ge=2.0 DF L\ Zn ifd
R T o 72728 ZnS DRI S -T2 L Z 2 b, &SP E 20, BEIEGIAS
DR L7728, RITIELS ol tBZ 265,

Table 2. Photovoltaic characteristics of the best cells.

Area[cm?]  Voc[V] Jsc[mA/cm?] FF[-] PCE[%]
CZGS-1 (Cu-rich) 0.204 0.477 0.487 0.416  0.0967
CZGS-2 (Cu-poor)  0.230 0.621 0.236 0.319  0.0467
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Fig. 4 EQE spectra and the first EQE Fig. 5 J-V characteristics of
derivative of typical CZGS solar cells. CZGS solar cells.

4 FE

Eagle XG/Mo EIC[RIFFREIC L W /ERL L 7= CGS #BEIC RF~ 7 % b v A 8y 2k
12T ZnS Z#FEfE L C CGS/IZnS f&fg 7'V #—H 2 ERL L, Zh % Hhish & 4512 570°C T
2 FFfH, Bifbd 2 2 &1k > T CZGS HIRA(FR L7z, /FH L 7= CZGS /L DI
SR END AL DN Ry v 7138 23eV TH Y, ¥ 7 LAUKEGEMO b
vy e E LCOIERBZ I ENS, £72, Cu-poor MO /MZIBWT, EW Bk
BIENTF: 54, Cu-poor MHARIZIWTRAFZ p-n #28 DIERA /RE ST273, Zn/Ge
ez L< &<, BRI R L, BHRITES 2o7c & X BN 5D, Zn ik
DO Iz LY, I BITERERHEZ R LRGSR S,

HEE
AMFZED—EI%, BHFE JP19H02663 OBk a2\ £ Lz, £7=, ro—EHILE
EEA—S V) a— g X —TEMRINE LT,
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