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Table S1 Chemical composition and compositional ratio of the CZTSSe absorber films.

Elemental Component Compositional Ratio

(a%/i) (j‘f/lu) (ai;)) (a?‘;)) (a'?%) (ZnCJlrl /Sn) Zn/Sn (Sl\efl;;)/ Se/S
le:lfg_sle 22.66 13.18 12.35 38.91 129 0.89 1.07 1.08 3.02
Cg%g_sze 22.74 14.82 12.17 36.04 14.24 0.84 1.22 1.01 2.53
ngg_sf 21.7 15.45 12.07 36.44 14.34 0.79 1.28 1.03 2.54
CLZTTCSSle 2384 1263 1201 3411 17.4 0.97 1.05 1.06 1.96
CI%]TCS_S; 22.42 15.23 11.98 32.42 17.95 0.82 1.27 1.01 1.81
CEECS_S; 22.18 16.22 11.05 32.75 17.8 0.81 1.47 1.02 1.84

Element Atomic%  Elemental Ratios
Zn/Sn 4.6485
Cu/(Zn+5n) 0.3372
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Fig. S1 EDX spectra and atomic composition of CZTSSe LTC-2 absorber film. Spectrum 1 shows that small
grains were mainly formed by Zn, S, and Se, and Spectrum 2 shows that the compositional ratio of the large grains

were found to be Zn/Sn = 1.14, and Cu/(Zn + Sn) = 0.93 (Cu-poor and Zn-rich).
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Fig. S2 Histograms showing power conversion efficiency and the normal distribution curve of the six solar cells.
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Fig. S3 Cross-sectional SEM images of the CZTSSe absorber layers fabricated by sulfo-selenization with either
an HTC (a—c) or an LTC (d- f) graphite box. The thickness of Mo(S,Se), is (a) 889 nm, (b) 944 nm, (c) 722 nm,

(d) 1.39 pum, (e) 1.5 um, and (f) 1.33 pm.



(Ui A4z }-02)

Test Results

Report No. : KIER-17-0364
Page(3) / (3)Pages

KIER

[Appendix 1]

Chonnam National University
CZTSSe solar cell

Device ID : CZTSSe #1

Date of Test : April 25, 2017

Simulator : WACOM, WXS-155S-L2 (Class-AAA)
Reference solar cell : KIER-SS-UF #1

Test condition : STC (AM1.5G, 100 mW/cm?, 25.0 + 1.0 °C)

Device Area : 0.190 16 cm? (active area)
Sample Type : CZTSSe solar cell (glass substrate)

P TR | P
s KORER INSTITUTE OF ENERGY RESERRCH

0.006 F !
<
= 0004} |
o
S V., =04708V
= §
2 I .=6.155 mA
0002 | . 2 o =5225mA |
-'J:Sﬁ': 32.36 mA/cm V. =03536V
| Fill Facter = 0.637 € _
Efficiency = 9.716 % Pmax =1.848 mW
0.000 L i i y . . , .
L 01 02 03 0.4 05

voltage / V
Operator: YoungJoo Eo

Photovoltaic Research Center, Korea Institute of Energy Research
152, Gajeong-ro, Yuseong-gu, Daejeon, 34129, Korea
Tel : +82-42-860-3182, e-mail : notask@kier.re kr

Fig. S4 Certificated power conversion efficiency of the best performing CZTSSe solar cell (CZTSSe HTC-2).



