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ABSTRACT: Output power of photovoltaic (PV) modules installed outdoors decreases every year due to environmental conditions such
as temperature, humidity, and ultraviolet irradiations. In order to promote the installation of PV modules, the reliability must be
guaranteed. One of the important factors affecting reliability is intermetallic compounds (IMC) layer formed in ribbon solder joint. For
this reason, various studies on soldering properties between the ribbon and cell have been performed to solve the reliability deterioration
caused by excessive growth of the IMC layer. However, the IMC layer of the PV module interconnected by multi-wires has been studied
less than using the ribbon. It is necessary to study soldering characteristics of the multi-wire module for improvement of its reliability. In
this study, we analyzed the growth of IMC layer of the PV module with multi-wire and the degradation of output power through
damp-heat test. The fabricated modules were exposed to damp-heat conditions (85 °C and 85 % relative humidity) for 1000 hours and
the output powers of the modules before and after the damp-heat test were measured. Then, the process of dissolving ethylene vinyl
acetate (EVA) as an encapsulant of the modules was performed to observe the IMC layer. The growth of IMC layer was evaluated using
OM and FE-SEM for cross-sectional analysis and EDS for elemental mapping. Based on these results, we investigated the correlation
between the IMC layer and output power of modules.
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Fig. 2. OM images of solder joints (a) before damp-heat test
and (b) after damp-heat test

Fig. 3. EDS elemental mapping for Ag of PV module (a) before
damp-heat test and (b) after damp-heat test
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Fig. 4. EDS elemental mapping for Pb of PV module (a) before
damp-heat test and (b) after damp-heat test

Fig. 5 EDS elemental mapping for Sn of PV module (a) before
damp-heat test and (b) after damp-heat test

Fig. 6 FE-SEM images for comparison between (a) IMC layer
before damp-heat test and (b) IMC layer after damp-heat
test
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Fig. 7. |-V curves with fill factor and Pnyax values of PV module
before and after damp-heat test

HAE WFo) e golo] PV mEC] 2 24 2
curve® HEQ 5L v wdtge |, I 7} TAadh AL x|
A EVA 2] o] 05| 4 EIhE 7R Q1 Z 0 2 Hofz
Y. Voeo] 2 cell 0] ol A gfojofet )
Bo| Rajo] ol ¥R A0 2 Helth'Y, TeT&AlR Fol
fill factor+=80.66%0°1| A 79.74% =% A3t A0 2 Kol 71237
29] F oA B 7h BaHE Fo] ThEshA| AAstol 4 A

& S7HAIZIAL, oo mhetill factor 7} {HAeE A 0. % ke
th B8 D2 0HAIE T S E 5157.42 mWol| 4] 4942.62

MW 214.80 mW7} 72319t} o] 24 71 5hal 20| 1}
=3 A% A1 A5k =719 Hill factor A2 Q15| WS A ©
2 AfmEh

4. 2 E
HE| 2to]o] PV igg Alsto] 12 EA S sk
31, solder ol A 2] fat=] tﬁﬁ}g st mEe] &9
Xﬂ sloll tish 8715t 3ict Half cut cell =437} 127]2] 2fo]o] &
Asto] A2k e ofo]of PV Wgof| tfsf a2 315A1 3 A
TR WE Jee Ss3laL, efofofeb Al o] oigh o
T o w]A] AT E4E WS
ek ofw] ] £42> OMI}FE-SEM 0 2 Z13§3}5] o 1, o]
A AREe = 54 2 eeke 5] A3 el ik Bk
S 907] Wl EDSE o] 8-2F wh o] 214 mapping
A1 F Aol AskGTE Y4 24] IS 53 soldero]] a1
Al 2325 0] 3JE Sno] 123155 2 of] Jsf Ag F= o = 24k
H ZE 2RISHATE Sno] Ag =02 shibe v Aget Agtst
o T4 7t 2he Sl FAE AL I2AFAIA Fol FAY
A5 2k eiehE S& Il a4 2 ekehe S0 4978l

O3l solder} Ag =0 A A void F4d 9 mlA] o+
594 SR F AL A o]a} T o]9} 7o 2 7} Bl

20| ¥z} ola) HhE B =
‘1] fill factorg} 28] W3le o 2= 9]
R AT, ol 4 2SS 3 A0 4] oo
214 z|g}o] #7].01.017] 5o} 3 TekE ok uheba), HE] of
o]o] PV mE-9] 9lo|o]o} cell o] 3ol & A5 & 7} 55}
E*“L%P@WﬂAﬂoama§H%£§mm

8hA7 1 F elo] Erka vt

Kl

& S AR A2 A A A7 [ ALY (2017
3010013740, 20193010014530) 9] G2k = FP =]l k.

References

1. Ajayan, J., Nirmal, D., Mohankumar, P., Saravanan, M.,
Jagadesh, M., Arivazhagan, L., “A review of photovoltaic
performance of organic/inorganic solar cells for future renew-
able and sustainable energy technologies,” Superlattices and
Microstructures, Vol. 143, 106549, 2020.

2. Chandel, T. A., Mallick, M. A., Yasin, M. Y., “Oxidation: A
dominant source for reduced efficiency of silicon solar photo-
voltaic modules,” Materials Today: Proceedings, Vol. 27, pp.
1092-1098, 2020.

3. Oh, W. Park, J., Jeong, C., Park, J., Yi, J., Lee, J., “Design of
a solar cell electrode for a shingled photovoltaic module
application,” Applied Surface Science, Vol. 510, 15420, 2020.

4. Walter, J., Tranitz, M., Volk, M., Ebert, C., Eitner, U., “Multi-
wire interconnection of busbar-free solar cells,” Energy Procedia,
Vol. 55, pp. 380-388, 2014.

5. Zhang, Y., Xu,J., Mao, J., Tao, J., Shen, H., Chen, Y., Feng,
Z.,Verlinden, P. J., Yang, P., Chu, J., “Long-term reliability of
silicon wafer-based traditional backsheet modules and double
glass modules,” RSC Advances, Vol. 5, pp. 65768-65774, 2015.

6. Omazic, A., Oreski, G., Halwachs, M., Eder, G. C., Hirschl,
C., Neumaier, L., Pinter, G., Erceg, M., “Relation between
degradation of polymeric components in crystalline silicon PV
module and climatic conditions: A literature review,” Solar
Energy Materials and Solar Cells, Vol. 192, pp. 123-133, 2019.

7. Walter, J., Rendler, L. C., Ebert, C., Kraft, A., Eitner, U.,
“Solder joint stability study of wire-based interconnection
compared to ribbon interconnection,” Energy Procedia, Vol.
124, pp. 515-525, 2017.

8. Braun, S., Micard, G., Hahn, G., “Solar cell improvement by
using a multi busbar design as front electrode,” Energy Procedia,
Vol. 27, pp. 227-233, 2012.



128

9.

10.

11.

12.

J.Y. Moon et al./ Current Photovoltaic Research 8(4) 124-128 (2020)

Yao, Y., Papet, P., Hermans, J., Soderstrom, T., Mehlich, H.,
Konig, M., Waltinger, A., Habemann, D., Richter, A., “Module
integration of solar cells with diverse metallization schemes
enabled by smartwire connection technology,” IEEE 42nd
Photovoltaic Specialist Conference, 2015.

Tummala, A., Oh, J., Tatapudi, S., TamizhMani, G., “Degra-
dation of solder bonds in field aged PV modules: Correlation
with series resistance increase,” IEEE 44th Photovoltaic
Specialist Conference, 2017.

Jeon, Y. J., Kang, M. S., Shin, Y. E., “Growth of an Ag3Sn
intermetallic compound layer within photovoltaic module ribbon
solder joints,” International Journal of Precision Engineering
and Manufacturing-Green Technology, Vol. 7, pp. 89-96, 2020.
Chen, K. J., Hung, F. Y., Lui, T. S., Chen, L. H., Chen, Y. W.,
“Characterizations of Cu/Sn-Zn solder/Ag interfaces on

13.

14.

15.

photovoltaic ribbon for silicon solar cells,” IEEE Journal of
Photovoltaics, Vol. 5, No. 1, pp. 202-205, 2015.

Kim, J. H., Son, H. J., Kim, S. H., “A study on the relationship
between factors affecting soldering characteristics and efficiency
of half-cell soldering precess with multi-wires,” Current Photo-
voltaic Research, Vol. 7, No. 3, pp. 65-70, 2019.

Son, H.J., Kim, S. H., “Degradation characteristics according
to encapsulant materials combining with transparent backsheet
on the mini shingled Si photovoltaic modules,” Current
Photovoltaic Research, Vol. 8, No. 1, pp. 12-16, 2020.

Lee, K. H., Choi, S. S., Kim B. K., Kim, C. H., Jung, J. Y., Rho,
D. S., “Development of aging diagnosis algorithm for photo-
voltaic modules by considering electric characteristics and
environment factors,” The Transactions of the Korean Institute
of Electrical Engineers, Vol. 64, No. 10, pp. 1411-1417, 2015.





