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Abstract Cu,SnS; thin films have been expected for low-cost and non-toxic absorber material of compound solar
cells. However, the reported power conversion efficiencies of Cu,SnS; based thin films solar cells have unachieved
10% because of unfine Cu,SnS; film quality. In this work, Cu,SnS; thin films were prepared through sulfurization of
evaporated Cu-Sn precursors that Cu/Sn ratios were 2.00 and 1.75. This work found its improvement of generated
voids in thin films, absorption, and composition by preparation under conditions: Cu/Sn ratio of 1.75, substrate
temperature Ts of 300 °C, annealing temperature of 500 °C, and deposition rate of 1 A/s. Cu,SnS; thin film that were
prepared by these conditions showed band gaps of 1.01 eV, absorption coefficient over 10* cm™ and Cu/Sn ratio of
1.92.

Keywords [Cu,SnS;, thin films, solar cell]

1 FiR &R EIE T 2L X — BRI S ERETHY 2,

ZhERIH L%ﬁ‘:@*ﬁéiﬁﬁ“@ X BB &
2011 AT Z > TR B AR RERICE T 16 55 IICRET DHETE FHICBIRE T, RTVBES TH
— AN FEEIT ORI, AAROENMGF éklﬂoilm\%ﬁffé

HAE, KEGEM TS Claibds Si RN EWTH DM,
{LAEWFH D Cu(In,Ga)Se, KIGEM LR L CETH
D, BCKTIE CdTe KEFEM S AL TE TS

BT L SR LTEY, 2014 FEED A ARDRIREE
@ﬁi_ﬁbkﬁﬁﬁﬂgwéﬁ 1%, 2010 4EFE T
T 20%3RIEI LT B D RBHZ A TR 2L A A

BHa T 25 k1 EIX. RRUGRT A #8675
Z R OEIEMBIC L B B E MG DI,
ENDZENBEMEITHD, T T, BEICEL
WHAFRE RV X —Th 5 K5, B ), HizE
ERH UIREFECEEREE > TS, BT

L, VT AZNLTHLInRGald, 777 v ]\
KB D AEFEICRAT LT G B IR B E M TEEEE S
ATREMEDS T S 4, %‘fﬁ@?@b\ Cd =° Te O i
Fev, 22T, Higk CHTE L B e
Sn & Zn TEIN L ZEH# L7z CuyZnSn(SSe), B A

\_.l:iEE]

1 Rl ik st

2 R THEmEFMER B TR

3 B TS BEHM PR BRE S TR
4 AN TEEmEFMER BRI

5 FHRKIL T2 m S Mo AU R

Yazaki Parts Co., Ltd.
Dept. of Chemical Science and Engineering, NIT, Nagaoka Coll.
Dept. of Electrical Electronics Engineering, NIT, Tsuyama Coll.
Dept. of Electrical Engineering, NIT, Ishikawa Coll.
Dept. of Electrical and Computer Engineering, NIT, Wakayama Coll.



-15- S - SRR - pAEE - JEEE - LR - SRR HB I T3 B S L P AR S R
WZHFFE STV DD, LR DN L < & hh'E 7o i i T e 6o minin S

HEAE DT WD EhFIT 13%V5IC L L o 5 _ S sUnknown  1CDD CuSas,

TV, DD, MOES R EHO T 2 & TH ; T \ Tletragonal

B O f AL 2SR T X 5D CupSnS;(CTS)HZ DU =

THIHEMFENED LN TS, #EINTND T - ICDDCu,SnS,

CTS %H%@ﬁz@ji@i@g < Zﬁ Cu-Sn 70 U 7 ‘—“H' 7&,7.%: .2 II i Monoclinié

BERANRy XY U TIEFICE > TERIL, Z2hvk 'ﬂ mmg

FAb+% = & T CTS MEAHR SN TV 5 9, & W P I S

METH CTS HIEOERGIEE L ThfkiE 28 H * % om % 475 oC

L. Cu-Sn 7"V 1 —HEOIERLGIE & L CHERLa 2
NN BB IR EERN G DT W REEEA AT
5o LML, REHBEICEID 7Y h—H A ER L,
FNZE S/Sn AR L & HICBLEE L TR SN
CTS A X— R LT KB THE ST 5
R BRI 5%%%?@5”@w$ﬁﬁmﬁlk
LT, &7V h—YoEmikicsiT Hhib TIERRED
Wﬁbﬁﬁ_%%ﬂébé_k%ﬁk@@ﬁ&fé
S5 BEALY(SnS) DRI L D RA FRE
WENDZ EENETFOND, IS AT 57
OIT S FIRICHIT 2T =— L b st S €
W5 P, Ll ARFZE TR Y %ﬁ*#é
IR HED BN HoS H A 2RI 2 3Rz &
b LD BWEE X, HS WAZFH L= fﬁ{tfﬁé
ik L7z CTS WD VERG A O 21T 9 .

2 EBAA

HZEREBEICL DT AER BB S S
Cu-Sn 7'V 1 —HEICHALZHE L, CuSnS;(CTS)i
DR AR AT, BFIE E#OSgcm&m@%
JVbt (Cw/Sn bk) 2% 2.00, 1.75 12725 L 912 Cu &
Sn@%%%ﬂ%b\ﬁﬁMﬁEKi@ﬁ?X%ﬁh
WCHERE S Cu-Sn 7Y I — VA ER L= 7272 L
KAEL— NI
FBGEE Ts (X R.T. (Cu/Sn=1.75, 2.00) & 300 °C
(Cu/Sn=1.75) & L7z, #{i L7z Cu-Sn 7'V 1 —VH
KT L, HoS W AR HIZ W T 1 REE A LA
e U7, AFER L 72 I ﬂL)ﬁﬂﬁﬁ@mﬁﬂ%
ABRTE FHMEE (SEM) ., R4 rIELE IR 0 6k
EJ\IXN%—AﬁWXﬁAﬁ(HB)_iD%
Mmza1T-7,

3 MREBE

3.1 Cu/Sn=2.00

Fig. 112 Cu/Sn=2.00 CTER L 7= XRD /34 —
VAR, BVIULERIRFE Ta 23 300 °C LLF Thitflb L7
EEIE CuS FEdb 23 XA TH D | 275 °C LA L TEULEL

5 A/s(Cu/Sn=2.00) & 1A/s(Cu/Sn=1.75) .

*
"
N * 450 oC
--:-J-hr_—- s
l I I * 425 oC

~

N

© i

=

=

=

S ] * % 400 oC

."? H % 375 oC

g .

T

S %

é ll J n h K3 - 325 oC

ol 300 °C
A A .l_"_ A 275 C
A _‘L L A A 250 OC

225 oC

*
‘Il o hl 200 oC

L Precursor
A A ye.

| | I ICDD
| 1 |I I I 1 I. il 1 M CuS

10 20 30 40 50 60 70 80 90
Diffraction angle 20 (deg.)

Fig. 1 XRD patterns of Cu-Sn precursor and sulfurized
thin films.
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Fig. 4 Absorption coefficient(a) for the sulfurized films
annealed from 450 to 500 °C.
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Fig. 5 Graph of (ahv)® versus hv of sulfurized films
annealed from 450 to 500 °C.

TR VARHT L TV DR BIER T &, BVLERE
DE <72 D1FE | Sn BIEREIZAEAE L TV DERTF723
ffz%, DFEV, RIIEDE Sn ZDLEW DT

AR AEFZ L, Fig. 3 IR TWmEETEIEZETE 5
L RBERDOLEDRA R & RO M D EEK &
o TWbHEEZD,

VR U 723 o Y 3 & I 3 &y e EERTHT

EVHEL, W) & SRR A F L,

(2) 325 °C (b) 500 °C af
[Cu:Red, Sn:Light green, S:Blue, Si(glass):Gray] =3 l T (1)
Fig. 3 Results cross-sectional SEM images (upper) and ZZ ’C\ o IEERIAREL, d IFIEIE, ROIIRH

cross-sectional composition mapping (lower) of the — T IZFEEFETH 5, HH L7 WA E O R R R
sulfurized films annealed at 325 and 500 °C. % Fig. 4 \Z” 7, £z, BH LSRR Z v



-17- B - ARFEY - iR - T -

IR - ARARPE

AR T3 o S5 T P A e ey

THiVW 7= (ahv)2 %f hv D 7°Z 7 % Fig. 5 1Z~9, CTS
WO RE vy v AL LTHE SN TS 1.0
eV Ll ED = L ¥ —ZFHoNIkf LT, 6x10° cm’”
LD SEWR AR S A R LT, Fig. 6 X 0 1ERLL 7= CTS

IO RE vy v 71E, 0.98~1.06eV &HEE S 4,

TE S (1.00~1.35 eV) *'O K O AL HEE (0.90
~1.00eV) *"ICTS ML & L T ORI —E
ERAYAVA L S G A 07 N DY el Ty S AN IS =8
ENV Ry v TOHEERME LD, ER U7
1E 7 b s e VAR A& O CTS FEda 3 FE L T
Wb EBZ D,

3.2 Cu/Sn=1.75

Fig. 6 (ZJEHIEEE Ts 23R & 300 °C, Cu/Sn=1.75
THKREL Cu-Sn 7' U I —V %kt L7=KED XRD
RHE = Zeord, VERLL 7= CoEFE2Y ICDD 4 —
R OB M ONE T 5 CuaSnSs il il 2 K4 2 Sl
[l e — 2 &< LTz, Cu/Sn=1.75 T LI-EA
b U7kt U, fEsatERBH e csEw LT, —F
T, BT 20 23 272 ° (V323 ClBWTC, ENE
W EDORMmIIRE T 5 2 & O TE WA Bl
=2 2B LT, 2095, 203272 D —7

1% Cu-Ky BT B LHER LT % 7, Fig. 7 113 3E4K
B
LN LN LR LR NN R N R RN LR LN N
B Unknown
ICDD Cu,SnS;
| | Tetragonal
1 . L
ICDD Cu,SnS;
= | Monoclinic
.E M " [ l a
maximum
u =
=. intensity ‘ Ts=300 °C
2 |5661 cps " l 0 Ta=500 oC
bl
<
S~ ]
> Ta=475 oC
£ 6717 cps N 1 .
72
AL
*E 5905 cps ‘ m 1 Ta=450 C
o
a Ts=R.T.
x 7523 cps . 1 N Ta=500 C
|
13216 cps ‘ N | Ta=475 «C
| |
17442 cps ‘ Ta=450 °C

10 20 30 40 50 60 70 80
Diffraction angle 20 (deg.)

Fig. 6 XRD patterns of sulfurized films annealed from
450 to 500 °C.
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Fig. 7 XRD patterns of sulfurized films prepared at
substrate temperature 300 °C.
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Fig.8 Surface SEM images of sulfurized films (precursor Cu/Sn ratio:1.75).
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Fig. 12 Graph of (ahv)’ versus hv of sulfurized films.
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