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Abstract The CZTS solar cell is a thin film solar cell using an absorption layer composed of Cu,
Zn, Sn, Se, and S, and is cheaper than a CIGS solar cell using In and Ga and more eco-friendly
than a perovskite and CdTe solar cell using Pb and Cd. In this study, we conducted a bending test
for flexible CZTS solar cells. Experiments were conducted in the direction of inner benidng with
compressive stress and outer bending with tensile stress, and during the number of bending 1,000
times with a radius of curvature of 50 mmR, the efficiency of the solar cell decreased by up to
12.7%, and the biggest cause of efficiency reduction in both directions was a large decrease in
parallel resistance.
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Fig. 1. (a) Flexible CZTS solar cells and (b) Schematic
of the inner cells

Fig. 2. (a) Mechanical bending test equipment, (b)
sample holding part, (c) Sample form in an
unbent state, (d) inner bending state and
(e) outer bending state
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Table 1. Experimental condition of bending test at

50 mmR
Classification Unit Value
Curvature mmR 50
Number of bending - 1,000
Bending speed cm/s 0.311
Bending Direction - Inner / QOuter
Length of the solar cell specimen mm 25
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A5t

Lo.size of solar cell =25 mm o =R -L,;a inrad.

R(curv.)  h (mm) Alpha(rad) _ L Q
0 oGE LwE'R-sm(wzv)
90 0.87 0.28
80 0.97 0.31
70 1.1 0.36
60 1.30 0.42
50 1.55 0.50
40 1.94 0.63
35 2.21 0.71
30 257 0.83
25 3.10 1.00
20 3.78 1.25
10 6.85 2.50

8 7.93 3.13

Fig. 3. The curvature calculation method for the
bending test
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Fig. 4. I-V curve change diagram of 4 cells (CO1 ~

C04) in the sample that has undergone
inner bending
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Fig. 6. Resistance change rate of 4 cells (CO1 ~
C04) in the sample that has undergone
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Fig. 7. I-V curve change diagram of 4 cells (C05 ~
C08) in the sample that has undergone
outer bending
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Table 2. Changes in species properties by bending test

Change Inner bending Outer bending

Rate (%) Min. Max. Min. Max.

4n / no - 4.50 - 917 - 599 | -12.70
AFF | FFo - 2.07 - 3.32 - 0.56 - 6.18
Adsc /[ Jsco + 1.65 - 2.50 - 067 - 273
AVoc / Vocy - 3.62 - 453 - 3.08 - 6.31
ARsh / Rsho -19.86 - 35.66 - 6.78 - 47.77
ARs / Rso - 525 +2.29 -278 | +636

Efficiency(%)=

Voc X Isc X FF % 100

100m W/em? x cell area(cm?)

Vi X I
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