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ABSTRACT: CIGS solar cells are thin film solar cells that have excellent light absorption coefficient and can be manufactured with high
efficiency through the use of low materials. In Korea, they must pass KS certification for home and commercial installation. KS C 8562
is a standard for evaluating the durability of CIGS and thin film amorphous silicon solar modules and deals with contents such as light,
temperature, humidity, and mechanical durability. Unlike general crystalline silicon solar modules, the CIGS solar module has a
different behavior of output change through these environmental tests, so if it shows 90% or more of the rated output suggested by the
manufacturer after the final test, it is judged to be a suitable product. In this paper, the output before and after individual tests was
measured through the test method of KS C 8562 to observe the output change and to discover the vulnerabilities of the CIGS solar module
when exposed to various environments. Through this, it was confirmed that humidity exposure was the most vulnerable and that it had
output recovery characteristics for light (visible light and ultraviolet rays). This study attempted to present the output behavior
characteristics and data of the CIGS module at the time when the high efficiency thin film photovoltaic module market is expected to
be created in the future.
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Nomenclature 1. Al £ Intro

Pp : maximum power point, W

I : short circuit current, A 2023 A A|A e FgAdn| o) =4 AR 1.6 TWRE =5

V.. : open circuit voltage, V © 22022 tfjv] 2| 4407 GWol A Zoj 446 GW T 4345}

Lmp : current at maximum power point, A Ach T2 T4 AR5 662 GWE A A Z|aLo]w o]o]A|

Vyp : voltage at maximum power point, V . vl= =0 2 717268.1 GWEF169.5 GW v A 2] 6151t
Shto] 14 A7]EEe 27.8 GWE AA) 10912 A4 o)t

Subscript (Fig. 1 Z=z)Y,

STC : standard test condition -

TC200 test : thermal cycle 200 test -

DH test: damp heat test 1500 s

NOCT: nominal operation cell temperature :OZ oa7 1 I

HF test : humidity freeze test 0 PP 1 I I n

UV test : ultraviolet test zno 1 I

023

I-V : current-voltage 2004 2005 2006 2007 2008 2008 2010 2011
razil
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*Corresponding author: kskim@kier.re.kr Fig. 1. Evolution of cumulative PV installations up to 2023
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Fig. 3. Cross view of CIGS PV module
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Fig. 4. Long-pulse type solar simulator with CIGS test module
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Fig. 5. Determination of maximum power of CIGS PV module
depending on light pulse time and voltage scan direction

Table 1. Initial I-V measurement result of CIGS PV module

Serial Pmp Voc lsc Vimp Imp
Number [w] [v] [A] [v] [A]

CIGS-01 178.1 108.0 2.54 80.45 2.21
CIGS-04 148.2 104.6 2.65 65.96 2.24
CIGS-06 174.0 109.2 267 75.67 2.30
CIGS-09 173.2 104.0 2.56 77.15 224
CIGS-10 166.5 107.9 261 72.24 224
CIGS-13 160.5 107.3 2.58 73.49 218
CIGS-15 175.2 107.8 251 80.34 2.18
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Fig. 6. CIGS PV module long-term test tree
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Fig. 7. I-V curves of CIGS-1 PV module after damp-heat, hail
test and final light soaking test
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Table 2. Summary of |-V results of CIGS-1 PV module after
damp-heat, hail test and final light soaking test

Initial DH Hail Final

Prmp [W] 1781 140.1 142.1 161.3
Ve [V] 108 102.3 102.9 104.3
lsc [A] 2.54 2.56 2.56 2.55
Ve [V] 80.45 65.4 65.6 73.43
Imp [A] 2.21 2.14 2.16 219

4
CIGS-4 —=— Initla (C1GS-4)

—— After Damp-heat test
—— After MLT
—— Final Light soaking test

Current(A)
h

T T T T T
[} 20 40 60 80 100 120

Voltage(V)
Fig. 8. I-V curves of CIGS-4 PV module after damp-heat, MLT
and final light soaking test

Table 3. Summary of |-V results of CIGS-4 PV module after
damp-heat, MLT and final light soaking test

Initial DH MLT Final

Prmp [W] 148.2 128.8 126.5 166.6
Voc [V] 104.6 101.5 102.1 104.1
Isc [A] 2.65 2.66 2.66 2.64

Vimp V] 65.96 59.75 58.71 72.77
Imp [A] 224 215 215 2.28
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Fig. 9. |-V curves of CIGS-9 PV module after TC200 and final
light soaking test

Table 4. Summary of |-V results of CIGS-9 PV module after
TC200 and final light soaking test

Initial TC200 Final

Prp [W] 173.2 156 171.2
Vos [V] 104 101.5 102.2
Isc [A] 2.57 2.58 2.55

Vinp [V] 77.15 70.34 76.44
lonp [A] 2.24 2.21 2.24

CIGS-6 e
—=— Final Light Soaking Test

Cumentfd)

T T T T T
Voltage(V}

Fig. 10. I-V curves of CIGS-6 PV module after TC200 and final
light soaking test

Table 5. Summary of |-V results of CIGS-6 PV module after
TC200 and final light soaking test

Initial TC200 Final

Prmp [W] 174 159.6 172.6
Ve [V] 109.2 106.1 106.7
lsc [A] 267 1.68 2.64

Vimp [V] 75.67 69.57 76.45
Imp [A] 2.30 2.29 225
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e = o] F]lE ik
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Fig. 11. 1-V curves of CIGS-10 PV module after UV, TC50, HF10
and final light soaking test

Table 6. Summary of |-V results of CIGS-10 PV module afterUV,
TC50, HF10 and final light soaking test
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Fig. 12. I-V curves of CIGS-13 PV module after UV, TC50, HF10

and final light soaking test

Table 7. Summary of |-V results of CIGS-13 PV module after UV,
TC50, HF10 and final light soaking test

Initial uv TC50
Prmp [W] 160.5 164.7 149.9
Vec [V] 107.3 109.2 106.1
lse [A] 2.58 2.551 2.54
Vinp V] 73.49 75.96 70.04
lop [A] 2.18 2.16 2.14

Initial uv TC50

Prmp [W] 166.5 172.7 152.4

Ve [V] 107.9 109.4 105.9

lec [A] 2615 257 2.57
Vinp [V] 74.24 77.54 69

Imp [A] 2.24 222 2.18
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Fig. 13. I-V curves of CIGS-15 PV module after outdoor exposure,
NOCT, Hot-Spot and final light soaking test
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Table 8. Summary of I-V results of CIGS-15 PV module after
outdoor exposure, NOCT, Hot-Spot and final light
soaking test

Table 9. Summary of temperature coefficient test of CISG-15
PV module for Ppp, Voc and lsc

initial | 99" | NocT

Hot Spot| Final
exp.

APmp AVoc Alse

-0.32% -0.28% 0.01%

Prp [W] 175.2 177.6 176.2 167.6 172.4

Ve[Vl | 107.8 108 107.4 107 108.1

Table 10. Summary of |-V result initial and final test

Isc [A] 2.51 248 248 2.49 248

Vinp [V] 80.3 827 81.9 79.0 80.8

Imp [A] 2.18 214 2.14 211 213
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