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ABSTRACT: Solar cells are a constituent material of photovoltaic modules and are rapidly developing according to various sizes and
technological developments. A photovoltaic system generates electricity using such photovoltaic modules as a basic constituent element.
In order to ensure stable electricity generation for at least 30 years, the stability and durability of all constituent elements are of course
important. In my personal opinion, it is judged that the durability of solar cells should be given priority. In the evaluation of the durability
of such photovoltaic modules, domestic and foreign test standards and evaluation standards have already been established, and in Korea,
crystalline silicon solar cell modules are evaluated according to KS C 8561. Among the 20 evaluation items, the this paper will discuss
the results of evaluation against damp-heat test. The damp-heat test is a very harsh environmental evaluation test in which a chamber
test is performed at 85°C and a relative humidity of 85% for 1000 hours. Recently, it is easy to check the evaluation contents of
manufacturers and test institutions on the durability performance up to 3000 hours, which far exceeds 1000 hours. Therefore, this
research results shared the test contents for the validity of such a long-term damp-heat test and took a scientific approach to obtain

long-term reliability.
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Nomenclature

Pyyp : maximum power point, W

I, : short circuit current, A

Vo @ open circuit voltage, V

Iinp : current at maximum power point, A

Vimp ¢ voltage at maximum power point, V

Subscript

STC : standard test condition
DH test : damp heat test

QE : quantum efficiency

EL camera : electroluminescence camera

R*(COD) : R square (coefficient of determination)

I-V : current-voltage

*Corresponding author: kskim@kier.re.kr
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Fig. 1. Current-voltage measurement image of solar cell

Table 1. Test summary of solar cells

Damp—heat Test Sample Name
Test Time c 5 1 Cell
(hours) Module
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Table 2. Test summary of solar modules

Damp—heat Test Sample Name
Test Time
(hours) ]2 415 718

1000 VIV YV VIV
2000 VoIV S v
3000 VIV VIV vV
4000 v VAN s
5000 v
6000 v

Table 3. Summary of solar cells and 1CellModule’s maximum
power reduction ratio relative to initial power after
damp-heat test
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Fig. 2. Maximum power reduction ratio relative to initial power
of solar cells and 1 Cell Module after damp-heat test
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Module Table 4. Summary of solar modules’maximum power reduction
0 0 0 0 0 0 0 ratio relative to initial power after damp-heat test
100 026 | -202 | -4.79 | -049 | -0.79 -0.56 Damp—heat Test Sample Name & maximum power
200 -1.30 | -2.80 | -5.29 | -1.79 | -2.08 Test Time reduction ration (unit W: %)
300 182 | -2.54 | -5.04 | 257 | -310 | -0.36 (hours) 112 |3|4|5]|6
500 -3.64 | -3.84 | -6.55 | -3.34 | -4.38 -0.56 0 0 0 0 0 0 0 0 0
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1000 -468 | -513 | -7.56 | -4.90 N.A 3000 -2.0|-28|-43|-17.0| -3.0 -12.6(-24.6
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Fig. 3. Maximum power reduction ratio relative to initial power
of PV modules after damp-heat test
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Fig. 4. Maximum power reduction ratio relative to initial power
of PV modules and cells after damp-heat test
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Fig. 5. QE images of sample C solar cell after damp-heat test
1900 hours
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Fig. 6. SEM analysis of sample C’s cross section view and
Ag-Oxygen element after damp-heat test 1900 hours
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Fig. 7. Maximum power reduction ratio’s curve fitting grapes of
cells and modules
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Table 5. Curve fitting results of maximum power reduction ratio
relative to initial power of cells and 1 Cell Module after
damp-heat test

Test
Sample| A B c D E 1 Cell
Module
name
Equation y = Intercept + B1*x" + B2*x"2 + B3*x"3
Intercept 0.38328+ 044609+ | 225787+ 0.11897 + 0.13523+ 0.06648 +
P 038 0401 0943 0210 0.246 1942
B1 000914+ | 001161+ | 001003+ | -0.00988+ | -0.01234+ | -0.00234+
0.002 0.003 0.004 0.002 0.003 0.003
B2 6.58307E-6+ | 1.16794E-5+ | 5.38335E-6+ | 54304E6+ | 54302E6+ | 1.62958E-6+
2.94066E-6 | 5.32752E-6 | 4.45007E-6 | 4.82027E6 | 9.442E6 1.2539E-6
B3 -2.66229E-9 +| -4.6147E-9 + |-1.49603E-9 +| -5.77506E-10 | 3.45533E-9 + | -3.34721E-10
1.04118E9Q | 247832E9 | 12631E9 |+3.13027E9| 7.92497E9 |+1.37162E-10
R-Square
0.986 0.962 0934 0.991 0.990 0.980
(COD)

Table 6. Curve fitting results of maximum power reduction ratio
relative to initial power of modules after damp-heat test

Test Sample 1 7 8
name
Equation y = Intercept + B1*x* + B2*x"2 + B3*x"3
0.06648 + -0.28571
Intercept 1.04254 0.33+2.74119 237332
B1 -0.00234 + -0.01098 + -8.45238E-4 +
0.00307 0.00697 0.00604
B2 1.62958E-6 + 1.145E-5 + 2.90714E-6 £
1.2539E-6 4.42741E-6 3.83326E-6
B3 -3.34721E-10+ | -3.125E-9 + -1.73333E-9 +
1.37162E-10 7.27582E-10 6.29941E-10
R-Square
(COD) 0.980 0.997 0.998

o2 A o golck

O] =t 2020 E(AFA S/ AF R O] A Y= Fholl
U 2] 2] 2| YPak (THA A S 1 20012492 THA| v : B ofag Kok
A EZHS 7IRERA) 2023 W = (A FA A ) 9] A2l
O 2 FtoJ A 7| 7H o] A3t (BAH S - RS-2023-
00303745 2}A| 8 EbA v & 0] A1 A|Eg-o| Lo|3} £g¢
A S S 71e0Y) 20249 = (A B8R ) 2 A
ol U A 7148 7HA o] A & ol 3 A (?Mltﬂ
5 : RS-2024-00460123 T4 5| 2 B A7Lo| E/A A A A
ZHE AR L HE aES 7] ALk,

References

1. KS C 8561 : Crystalline silicone photovoltaic (PV) module
(performance) (2023).



30

2.

K. S. Kim / Current Photovoltaic Research 13(1) 25-30 (2025)

M. Rabelo, H. Park, Y. Kim, E.-C. Cho, J. Yi, Corrosion, LID
and LeTID in silicon PV modules and solution methods to
improve reliability. Sol. Energy Mater. Sol. Cells. 22, 575-583
(2021).

. J.Karas, A. Sinha, V. S. Pavan Buddha, F. Li, F. Moghadam, G.

TamizhMani, S. Bowden, A. Augusto, Damp heat induced
degradation of silicon heterojunction solar cells with cu-plated
contacts. IEEE J. Photovolt. 10 (2020).

. 1. Faye, A. Ndiaye, R. Gecke, U. Blieske, D. Kobor, M. Camara,

Experimental study of observed defects in mini-modules based
on crystalline silicone solar cell under damp heat and thermal
cycle testing. Sol. Energy. 191, 161-166 (2019).

. X. Wu, C. Sen, X. Wang, Y. Cheng, R. Lv, H. Song, Y. Yu, B.

Liao, S. Ma, M. U. Khan, A. Ciesla, B. Hoex, Unveiling the

origin of metal contact failures in TOPCon solar cells through
accelerated damp-heat testing. Sol. Energy Mater. Sol. Cells.
278, 113188 (2024).

. C.Sen, X. Wu, H. Wang, M. U. Khan, L. Mao, F. Jiang, T. Xu,

G. Zhang, C. Chan, B. Hoex, Accelerated damp-heat testing at
the cell-level of bifacial silicon HI'T, PERC and TOPCon solar
cells using sodium chloride. Sol. Energy Mater. Sol. Cells. 262,
112551 (2023).

. K. Kim, Characterization of long-term reliable crystalline silicon

PV module through environmental acceleration test method, a
doctoral dissertation, CNU (2013).

. W. Oh, S. Kim, S. Bae, N. Park, Y. Kang, H.-S. Lee , D. Kim,

The degradation of multi-crystalline silicon solar cells after damp
heat tests. Microelectron. Reliab. 54, 2176-2179 (2021).





